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ABSTRACT

This report presents an evaluation of the Saturn S-IVB-207

stage acceptance firing that was conducted at the Sacramento

Test Center on 19 October 1966. Included in this report are

stage and ground support equipment deviations associated

with the acceptance firing configuration.

The acceptance firing test program was conducted under

National Aeronautics and Space Administration Contract

NAS7-101, and established the acceptance criteria for buy-

off of the stage.
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PREFACE

/

The purpose of this report is to document the evaluation

of the Saturn S-IVB-207 stage acceptance firing as per-

formed by Douglas personnel at the Sacramento Test Center.

This report, prepared under National Aeronautics and Space

Administration Contract NAST-101, is issued in accordance

with the contractual requirements of Douglas Report

No. SM-41410, Data Submittal Document, Saturn S-IVB System,

dated 1 December 1965.

This repor_ evaluates stage test objectives, instrumentation,

and configuration deviations of the stage, test facility,

and ground support equipment.
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I. INTRODUCTION

i.I General

This report was prepared at the Douglas Huntington Beach Space Systems

Center by the Saturn S-IVB Test Planning and Evaluation (TP&E) Committee

for the National Aeronautics and Space Administration under Contract

NAST-101.

Activities connected with the Saturn S-IVB-207 stage included prefiring

checkout and the acceptance firing. Checkout started at the subsystem

level and progressed to completion with the integrated systems test and

the simulated static firing. The information contained in the following

sections documents and evaluates all events and test results of the

acceptance firing which was completed on 19 October 1966. The tests

were performed at the Complex Beta, Test Stand I, Sacramento Test

Center (STC).

1.2 Background

The S-IVB-207 stage was assembled at the Huntington Beach Space Systems

Center. A checkout was performed in the vertical checkout laboratory

(VCL) prior to shipping the stage to STC. The stage was delivered to

STC on 31 August 1966 and installed on test stand I on i September 1966.

The stage was ready for acceptance firing on 17 October 1966.

The APS modules were shipped to the manufacturing and assembly (M&A)

building at STC for leak and functional checks. No confSdence firings

of these modules were scheduled.

Table I-I lists the milestones of the Saturn S-IVB-207 stage events and

dates of completion.

1.3 Objectives

All test objectives outlined in Douglas Report No. SM-47457A, Saturn

S-IVB-207 Stage Acceptance Firing Test Plan, dated July 1966 and revised

September 1966 were successfully completed.
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Stage acceptance obJectiyes which provided maximum system performance

evaluation were as follows:

a. Countdown control and operation capability verification

b. J-2 engine system performance verification

c. Oxidizer system performance verification

d. Fuel system performance verification

e. Pneumatic control system performance verification

f. Propellant utilization system performance verification

g. Stage data acquisition system performance verification

h. Stage electrical control and power system performance

verification

i. Hydraulic system and J-2 engine gimbal control performance

verification

J. Structural integrity verification

k. APS stage interface compatibility verification.
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TABLE i-I .

MILESTONES, SATURN S-IVB-207 STAGE

EVENT

Tank Assembly

Proof Test

Insulation and Bonding

Stage Checkout and Join J-2 Engine

COMPLETION DATE

8 January 1966

14 January 1966

II March 1966

13 May 1966

Systems Checkout

Ship to STC

Stage Installed on Test stand

9 July 1966

31 August 1966

I September 1966

Ready for Acceptance Firing

Acceptance Firing

Stage Received at VCL

All Systems Test

Ready for Storage

Ready for Delivery

(Signed D0250)

17 October 1966

19 October 1966

3 November 1966

18 November 1966

23 November 1966

30 November 1966

3
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SUMMARY

The S-IVB-207 stage was acceptance fired on 19 October 1966 at Complex

Beta, Test Stand I, Sacramento Test Center. The countdown was designated

as CD 614074. The mainstage firing duration was 445.6 sec; engine cutoff

was initiated through the PU processor when LOX was depleted below the

i percent level.

2.1 Countdown Operations

Countdown 614074 was initiated on 18 October 1966 and proceeded smoothly

to a successful acceptance firing on 19 October 1966.

The following anomalies were experienced during the countdown:

a. A severe leak appeared in the LOX sled main fill valve at the

initiation of loading. The valve was left open for the duration

of the countdown with main LOX flow being controlled through

the facility transfer line valve.

b. The No. I LH2 depletion sensor cycled several times during

LH2 loading but at 92 percent load, stabilized and appeared to

operate properly throughout the remainder of the countdown.

c. Approximately 5 minutes after completion of LH2 loading, the

auxiliary hydraulic pump cycled _n for 12.5 min. This had not

been experienced during past acceptance firings; however, it

was expected if temperatures were sufficiently low.

2.2 J-2 Eng£ne System

The J-2 engine (S/N 2056) performed satisfactorily throughout the

acceptance firing. Engine flight modifications (pre-fire and post-fire)

were made at STC (section 6).

2.3 Oxidizer System

The oxidizer system functioned properly, supplying LOX to the engine LOX

pump inlet within the specified operating limits. Ullage pressure was

maintained at a level adequate to insure engine pump net positive suction

pressures above the minimum required to prevent pump cavitation.



2.4 Fuel System

The fuel system performed as designed and supplied LH2 to the engine LH2

pump inlet Within the limits defined in the engine specification.

During the LH2 turbopump chilldown, the LH2 pump inlet temperature was

indicating 2 to 3 deg higher than expected. Investigation of possible

sources of heat input has not produced any results. A suspected area is

the chilldown shutoff valve insulation. Additional checks could not be

performed at this time because the insulation has been removed for valve

replacement.

2.5 Pneumatic Control and Purge System

The pneumatic control and purge system performed satisfactorily throughout

the acceptance firing. The helium supply to the system was adequate for

both pneumatic valve control and purging; the regulated pressure was

maintained within acceptable limits and all components functioned normally.

2.6 Propellant Utilization (PU) System

The PU system accomplished all the design objectives as listed in DAC

Report No. SM-47457A, Saturn S-IVB-207 Stage Acceptance Firing Test Plan.

2.7 Data Acquisition System

The data acquisition system performed satisfactorily throughout the

acceptance firing. One hundred and seventy-two measurements were active

of which 3 failed resulting in a measurement efficiency of 98.3 percent.

2.8 Electrical Power and Control Systems

The electrical power and control systems performed satisfactorily through-

out the acceptance firing. All firing objectives were satisfied and all

system variables operated within design limits.

2.9 Hydraulic System

The hydraulic system operated properly supplying pressurized fluid to the

servo-actuators. All specified test objectives were achieved and all

system variables operated within design limits.
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2.10 Flight Control System

The dynamic response of the hydraulic servo-thrust vector control system

was measured while the J-2 engine was gimbaled during the acceptance

firing. The performance of the pitch and yaw hydraulic servo control

systems was found to be acceptable.

2.11 Structural System

Structural integrity of the stage was maintained for the vibration,

temperature, and thrust load conditions of the acceptance firing. A

post acceptance firing inspection of the stage revealed no debonding or

other discrepancies resulting from the cryogenic loading and firing.

A visual inspection of the LH2 tank interior was made from the manhole;

no discrepancies were noted.

2.12 Thermoconditioning and Purge System

The thermoconditioning and purge system functioned properly during the

acceptance firing. All system temperatures and flowrates were

maintained within design limits.

2.13 Reliability and Human Engineering

All functional failures of Flight Critical Items and Ground Support

Equipment/S_ecial Attention Items were investigated by Reliability

Engineering. A Human Engineering evaluation was conducted in support

of the acceptance firing and no significant man-machine problems were

identified.
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JTEST CONFIGURATION

This section describes the stage and ground support equipment (GSE)

deviations and modifications from the flight configuration affecting the

acceptance firing. Additional details of specific system modifications

are discussed in appropriate sections of this report. The S-IVB-207

stage configurations are described in Douglas Drawing No. IB66532,

S-IVB/IB Stage End Item Test Plan.

Figure 3-1 is a schematic of the S-IVB-207 stage propulsion system and

shows the telemetry instrumentation transducer locations from which the

test data were obtained. The functional components are listed in

table 3-1. Hardwire measurements are noted on the appropriate subsystem

schematics included in this report. The propulsion system orifice

characteristics and pressure switch settings are presented in tables 3-2

and 3-3. Engine S/N J-2056 was installed.

The propulsion GSE (figure 3-2) consisted of pneumatic consoles "A" and

"B", two propellant fill and replenishing control sleds, a vacuum system

console, and a gas heat exchanger.

3.1 Configuration Deviations

Configuration deviations required for the acceptance firing are discussed

in DAC Report No. SM-47457A, Saturn S-IVB-207 Stage Acceptance Firin$

Test Plan. Significant configuration changes to the stage and GSE are

discussed in the following paragraphs.

3.1.1 Engine Restrainers

J-2 engine unlatch restrainer link kit, Model DSV-4B-618, was installed

to restrain the engine during start transient side loads.

3.1.2 Quick Disconnects

The stage-mounted portions of the pneumatic and propellant umbilical

quick-disconnects were replaced with hardlines.

9
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3.1.3 Engine Diffuser

A water-cooled converging diffuser, Model DSV-4B-639 engine bell

extension service unit, was installed to the engine thrust chamber exit

to reduce the nozzle area ratio and the probability of jet-separation-

induced side loads.

3.1.4 Auxiliary Pressurization

An auxiliary propellant tank pressurization system was installed and was

supplied from a GSE ambient helium source.

3.1.5 Propellant Fast Fill Sensors

Propellant loading fast fill sensors were installed on the instrumenta-

tion probes but were used in the indicating mode only.

3.1.6 Stage Vent and Bleed System

All stage propellant vent and bleed systems were connected to the facility

vent system.

3.1.7 Forward Skirt Cooling

The forward skirt thermoconditioning system coolant was supplied by a

Model DSV-4B-359 servicer, rather than the flight source in the

instrument unit.

3.1.8 Aft Interstage

The stage was mounted on a Model DSV-4B-540 dummy aft interstage instead

of the flight interstage.

3.1.9 Fire Detection System

A resistance wire fire detection system was installed for monitoring

critical areas of the stage, GSE, and facilities.

3.1.10 GH2 Detectors

A GN2 leak detection system was installed for monitoring critical areas

of the stage, GSE, and facilities.
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3.1.11 Blast Detectors

Blast detectors were installed in the test area to monitor ranges of

0 to 25 psi overpressure.

3.1.12 Auxiliary Propulsion System (APS)

The flight APS modules were not installed. Instead, the Model 188B APS

Simulators were connected to APS positions i and 2 to receive commands

and close the control circuitry.

3.1.13 Telemetry System

Those telemetry channels that were left blank when various parameters

were disconnected to be recorded by other means were either left as open

channels or were simulated.

3.1.14 Hardwire Transducers

The Marshall Space Flight Center static firing measurement (Scope

Change I195A) program hardwire transducers were installed for the

acceptance firing. These measurements will be removed before the stage

leaves STC.

3.1.15 Forward Stage/Instrumentation Unit (IU) Interface

The IU was not available at the Sacramenuo Test Center; therefore, the

IU and S-IB electrical interfaces were simulated by GSE.

3.1.16 Electrical Umbilicals

The electrical umbilicals remained connected throughout the acceptance

firing.

3.1.17 Instrumentation System

The stage data acquisition system was as defined in Douglas Drawing

No. IB43560, Instrumentation Program and Components List, Saturn

$-IVB-207, except as called out in section 12.

ii



3.1.18 Electrical Power System

The Model DSV-4B-170 battery power unit was used during the acceptance

firing when stage systems were switched to internal power.

3.1.19 Propellant Utilization (PU) System

The S-IVB-206 stage PU system electronics package was used for the

S-IVB-207 s_age acceptance firing.
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TABLE 3-2 (Sheet I of 3)

S-IVB-207 STAGE AND GSE ACCEPTANCE FIRING ORIFICES

U

ITEM*

NO.

7

13

19

29

30

35

37

38-39

54

55

DESCRIPTION

Ambient helium fill

LH2 fill and drain valve

purge

LOX fill and drain valve

purge

LOX tank pressurization

system heat exchanger

outlet

LOX tank pressurization

system heat exchanger

bypass

LH2 tank pressurization

module

Undercontrol

Overcontrol

Step

LH2 tank nonpropulsive

vent purge

LH2 tank nonpropuls{ve

vent (2)

LOX chilldown pump purge
flow control

LOX ¢hilldown pump purge

module

ORIFICE SIZE OR

NOMINAL FLOWRATE

65 scfm

15 scim at

3,200 psid

15 scim at

3,200 psid

0.219 in. dia

0.185 in. dia

0.252 in. dia

0.228 in. dia

0.323 in. dia

1 scfm at

3,200 psid

2.180 in. dia

37 scim at

475 psid

0.00166 Ibm/sec

at 475 psig IN

and 85 psig OUT

COEFFICIENT

OF DISCHARGE

0.88

0.85

0.89

0.90

0.82**

NC

+

EFFECTIVE

AREA (IN. 2)

Sintered

Sintered

Sintered

0.0333

0.0228

0.0445

0.0808

0.1414"*

Sintered

Sintered

*Indicates location in figures 3-1 and 3-2.

**Discharge coefficient and effective area.are calculated for overcontrol and

step orifices in successive combination with the Undercontrol orifice.

+Not available.
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TABLE 3-2 (Sheet 2 of 3)

S-IVB-207 STAGE AND GSE ACCEPTANCE FIRING ORIFICES

i
3

ITEbl

NO.

77

80

84

A9538

A9537

A9536

A9535

A9515

A9533

A9534

A9539

A9526

DEscRIPTION

LH2 chilldown valve purge

LOX tank vent and relief

valve purge

Engine pump purge module

Console A

LH2 tank repressuriza-

tion supply

Pressure switch checkout

-- high pressure

Pressure switch checkout

-- low pressure

LH2 tank and umbilical

purge supply

All conscle A stage
bleeds

Pressure actuated valve

and mainstage pressure

switch supply

LH2 system checkout

supply

LOX system checkout

supply

Console GN2 inerting

supply

J-box inerting supply

ORIFICE SIZE OR

NOMINAL FLOWRATE

65 scfm at

3,000 psid

65 scfm at

3,000 psid

0.00166 ibm/sec

at 475 psig IN

and 85 psig OUT

Union

0.032 in. dia

1.2 scfm

0.260 in. dia

Variable

i. 2 scfm

1.2 scfm

5.0 scfm

0.013 in. dia

0.013 in. dia

COEFFICIENT

OF DISCHARGE

+

0.88

EFFECTIVE

AREA (IN. 2)

Sintered

0.00043

0.00023

Sintered

0.04675

Sintered

Sintered

Sintered

+Not available.
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TABLE3-2 (Sheet 3 of 3)
S-IVB-207 STAGEANDGSEACCEPTANCEFIRINGORIFICES

ITEM
NO. DESCRIPTION

A9348

A9540

A9550

Console B

-- All console B stage

bleeds

A9529 LOX tank and umbilical

purge system

-- Turbine start sphere

supply

A9552 Turbine start sphere

supply vent

A9528 Thrust chamber jacket

purge and chilldown

system

'9525 Engine control sphere

supply

A9527 LH2 tank prepressuriza-

_ion supply

Console GN2 inertirg

supply

J-box inerting supply

Engine control sphere

supply vent

-- LOX tank prepressuriza-

tion supply

ORIFICE SIZE OR

NOMINAL FLOWRATE

Variable

0.305

Union

0.081 in. dia

0.072 in. dia

0.125 in. dia

0.162 in. dia

Manifold

0.013 in. dia

0.096 in. dia

COEFFICIENT

OF DISCHARGE

0.93

0.89

0.84

0.80

0.94

2O

EFFECTIVE

AREA (IN. 2)

0.00479

0.00362

0.00965

0.01649

0.00680
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. COUNTDOWN OPERATIONS

The S-IVB-207 stage acceptance firing was successfully accomplished during

CD 614074 on 19 October 1966. All phases of the acceptance test countdown

are reviewed and evaluated in the following paragraphs, which include

discussions of the prefiring checkout, propellant loading, and ground

support and facility operation.

4.1 Countdown 614074

Countdown 614074 was initiated on 18 October 1966 and was completed the

following day for a satisfactory stage acceptance firing. The countdown

was performed with only minor problems encountered; all problems were

resolved without a delay in countdown time. The chilldown shutoff valve

failed to open fully during the terminal count; however, valve

operation was verified after the chilldown pump was cycled. LH2

loading was nominal, but a leak in the LOX transfer system necessitated

cycling of the LOX transfer line shutoff valve after loading was

completed. The propellant tank relief valve checks were performed

satisfactorily; the stage pneumatic systems were pressurized; and the

automatic terminal count was initiated. The automatic sequence was

satisfactory and resulted in a successful firing of 447 sec.

Significant countdown times are presented below:

Event

Simulated liftoff (To)

Engine S_art Command (ESC)
r

Engine Cutoff Command (ECC)

Time

1116:15.000 PDT

T O +150.863 sec

TO +598.940 sec

4.2 Checkout

The modifications, procedures, and checkouts performed for the acceptance

firing were initiated on 31 August, upon receipt of the stage at the

Sacramento Test Center, and were continued through 17 October when the

stage was ready for the acceptance firing. The handling and checkout

procedures that were used for the prefiring and postfiring checkouts are

described in Douglas Report No. SM-56453, Narrative End Item Report on

Saturn S-IVB-207, dated December 1966.
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The integrated systems test was completed on 5 October to check out the

automatically controlled equipment of the stage, pneumatic consoles, and

propellant sleds. The simulated static firing was satisfactorily performed

on II and 12 October to verify the countdown procedure.

4.3 Cryogenic Loading

The S-IVB-207 stage was successfully loaded with LOX, LH2, and cold helium.

Satisfactory temperature and pressure levels were attained in all systems,

although it was necessary to use the LOX transfer line shutoff valve to

shut off flow because of a severe leak past the LOX main fill valve.

4.3.1 LOX Loading

The LOX loading preparations were conducted as specified in Task 41 of the

Countdown Manual, and computer controlled loading operations were initiated.

LOX loading was inadvertently started early due to a seat leak in the LOX

main fill valve in the facility sled complex. Loading began when the LOX

fill and drain valve was opened during the latter part of the preloading

15-min ASI LOX dome purge sequence. LOX level was at approximately

6 percent when the computer sequenced the LOX main fill valve to topping

position for initiation of fill. The LOX fill and drain valve had been

open 8 min at that time, which indicated that the seat leak was roughly

equivalent to having the LOX main flll valve in the topping position.

The leak necessitated cycling of the LOX transfer line shutoff valve for

replenishing after propellant loading was completed. Loading data are

presented in figure 4-1.

4.3.2 LH2 Loading

The LH2 loading preprarations were completed and the operation initiated

as specified in Task 42 of the Countdown Manual. The loading was

satisfactorily completed without incident in 31 min 55 sec. Loading data

are presented in figure 4-2.

4.3.3 Cold Helium Loading

Cold helium was loaded after the completion of LH2 loading. Satisfactory

temperatures and pressures were obtained. Data are presented In

table 4-1 and figure 4-3.
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4.4 GSE Performance

4.4.1 Helium Supply System

The helium supply system functioned adequately. Propellant tank

prepressurization, thrust chamber chilldown, and loading of the cold

helium spheres and the stage and engine control sphere were all

satisfactorily accomplished. Data are presented in figures 4-1

through 4-7.

4.4.2 GH2 Supply System

The GH2 supply system performed adequately; however, at approximately

T -600 sec, it was necessary to vent the supply regulator dome loader
o

in order to obtain the required supply pressure. Start sphere chilldown

and loading were satisfactorily accomplished. At Engine Start Command,

the engine start sphere conditions were within the required limits. Data

arepresented in figure 4-5.

4.5 Terminal Countdown

The major events of the terminal countdown were engine conditioning

and final replenishing and prepressurization of the propellant tanks.

They included final addition of helium to the cold helium spheres and

the stage pneumatic control sphere; chilldown of the thrust chamber,

engine start sphere, and engine pumps; and pressurization of the start

sphere.

• -25 min and
The terminal count started with the automatic sequence at T o

proceeded through the scheduled events without incident. The final

portion of the terminal count commenced with the initiation of propellant

tank prepressurization at T -159 sec; final propellant replenishing was
o

completed by T -6 sec. Cold helium sphere fill was terminated at
o

T -5.6 see and engine pump purges at T +90.0 sec, approximately
o o

as planned.

• 4.6 Holds

All problems were resolved without a delay in countdown time.
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SEQUENCE OF EVENTS

The S-IVB-207 stage acceptance firing sequence of events is presented

in table 5-1. Event times from three data sources are included in the

table. These sources were Digital Events Recorder (DER/CAT 57), PCM/FM

Sequence (CAT 42), and PCM/FM Digital Tabulation (PCM/TAB/CAT 45).

Accuracies of the listed events are as follows:

DATA SOURCE

Digital Events Recorder (DER/CAT 57)

PCM/FM

Discrete Bi-Level (CAT 42)

Digital Tabulation (CAT 45)

Prime

Submultiplex

ACCURACIES

4-0, -i ms

+43, -9 ms

40, -9 ms

+0, -84 ms
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o ENGINE SYSTEM

The S-IVB-207 acceptance firing was performed with Rock etdyne engine

S/N 2056 (figure 6-1) mounted on the stage. The engine performed

satisfactorily throughout mainstage operation.

6.1 En$ine Chilldown and Conditionin$

6.1.1 Turbopump Chilldown

Chilldown of the engine LOX and LH2 turbopumps was adequate to provide

the conditions required for proper engine start. An analysis of the

ehilldown operations is presented in paragraphs 7.3 and 8.2.

6.1.2 Thrust Chamber Chilldown

The thrust chamber skin temperature was 250 deg R at Engine Start Com-

mand (ESC) (figure 6-2), well within the engine start requirement of

260 ±50 deg R; and the LH2 pump demonstrated satisfactory start transient

buildup characteristics (figure 6-3). Data are presented in table 6-1.

Further information on the chilldown operation and GSE supply system is

presented in section 4.

6.1.3 En$ine Start Sphere Chilldown and Loadin$

Chilldown ao6 loading of the engine GH2 start sphere met the objectives

(1,325 ±75 psia and 290 ±30 deg R). Start sphere performance is

graphically presented in figure 6-4. The GH2 supply system performance

during start sphere chilldown and loading is described in section 4.

The sphere warmup rate from sphere pressurization to blowdown was

1.8 deg R/min. Data are presented in table 6-2. The system demon-

strated satisfactory repressurization of the start sphere during engine

burn.

6.1.4 En$ine Control Sphere Chilldown and Loadin$

Engine control sphere conditioning was adequate and all objectives were

satisfactorily accomplished (figure 6-4). The engine start requirements
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of 290 ±30 deg R and 2,800 to 3,450 psia were met. Significant control

sphere performance data are presented in table 6-3.

6.2 J-2 Engine Performance Analysis Methods and Instrumentation

Engine performance for the acceptance firing was calculated by use of

computer programs AA89, GI05-3, and F823-I. A description of the opera-

tion and comparison of the results of each program is presented in

table 6-4.

Computer program AA89 was modified to reconstruct the firing by biasing

the L0X flowrate by -2.0 ibm/sec, the LH2 flowrate by -0.6 Ibm/sec, and

the thrust by -1,200 Ibf from ESC +120 sec to engine cutoff. These

biases were necessary in order to reconstruct the engine performance as

reflected in the acceptance firing data.

Several other biases were necessary to correct for known data discrep-

ancies. The main chamber pressure was biased -15 psi, as recommended by

Rocketdyne, because of a transducer purge. From an analysis of the raw

test pip count data, the engine flowmeter data were biased -3.60 gpm for

LOX and +5.90 gpm for LH2.

In the F823 program, coefficients relating gas generator (GG) mixture

ratio to LOX turbine inlet temperature were substituted for those

relating the GG mixture ratio to the LH2 turbine inlet temperature which

are normally used. The substitution was made because the LH2 turbine

inlet temperature transducer malfunctioned at approximately

ESC +170 sec. The 3-sigma deviation of the relationship (GG mixture

ratio as a function of LH2 turbine inlet temperature) is 99.998;

whereas, the 3-sigma deviation of the relationship (GG mixture ratio

as a function of LOX turbine inlet temperature) is 99.381.

6.3 J-2 Engine Performance

The engine performance was satisfactory throughout the mainstage opera-

tion. Plots of selected data Used as inputs to the computer programs
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listed in table 6-4 are presented in figures 6-5 through 6-11. The

engine propellant inlet conditions are presented in sections 7 and 8.

The engine performance was reconstructed from Engine Start Commandto

Engine Cutoff Command(ECC)by the computer programs described in

table 6-4. Necessary modifications to the data and computer programs

were madeas indicated in paragraph 6.2. The average performance values

from each program are shownin table 6-5. The performance profiles of

the programs, as well as the composite profiles, are shown in

figures 6-12 and 6-13. The composite values constitute the final engine

performance values as presented in table 6-5.

The average results of these programs agreed with the following
accuracies:

Parameter Deviation (%)

Thrust 0.416

Total flow 0.815

Specific impulse 0.516

Engine mixture ratio 1.722

6.3.1 Start Transient

The J-2 engine start transient was satisfactory.

performance is presented in the following table:

A summary of engine

Parameter

Time to 90 percent

performance level (sec)

Thrust rise time (sec)

Total impulse (ibf-sec)

Maximum rate of thrust

increase (ibf/lO ms)

Acceptance Firing Log Book

3.382 2.32*

2.239 1.82

204,694 154,497"*

8,147 40,000***

*Referenced to start tank discharge valve. Acceptance firing start

tank discharge control solenoid energized at 639 ms.

**Based on stabilized thrust at null PU and standard altitude

conditions.

***Maximum allowable.
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Thrust buildup to the 90 percent performance level (thrust chamberpres-

sure at 618 psia) wNswithin the maximumand minimumthrust bands as

shownin figure 6-14. The deviation in total impulse from the log book

is due to the longer thrust rise time (time from first indication of

thrust to the 90 percent performance level) during the acceptance firing.

Figure 6-14 shows the thrust chamberpressure during start transient and

the thrust buildup to the 90 percent performance level for the accept-

ance firing as determined by computer program F839. As expected, there

was no thrust overshoot during the start transient.

6.3.2 Steady State Performance

During the steady state portion of the S-IVB-207 stage acceptance firing,

there was indication of a performance shift at approximately ESC +126

sec, as can be seen in the performance profiles in figure 6-12. The

average performance values prior to and after the shift are given in

table 6-5. Analysis of the data indicates that the shift may have

been due to a change in the flow resistance of the gas generator LOX

bootstrap line. This resistance change is caused by an alignment

shift of the gas generator LOX orifice during engine operation. This

has been a recurring problem, and a Rocketdyne modification to

correct the situation is in test; however, because the shift is

usually within speci_icatlons (_+3 percent for thrust), no decision has

been made to incorporate the change.

Table 6-5 compares the overall average.performance values for steady

state operation with the predicted values. This table also compares the

average performance during the closed PU valve portion of the test with

the prediction and shows that the actual values prior to 126 sec were

in close agreement with the prediction. The performance deviations

caused by the shift did not seriously affect the propellant

consumption rate and resulted in a small PU valve cutback deviation

(see section i0).
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The amount of propellants consumed from Engine Start Command to

Engine Cutoff Command (ESC +448.077 sec) was 35.379 ibm of LH2 and

192,702 ibm of LOX as determined from engine flow integral analysis.

The total impulse generated was 97.11 x 106 ibm-sec. Extrapolating

the usable propellants indicated that a LOX depletion would have

occurred 3.806 sec after Engine Cutoff Command for a total burn to

depletion of 451.883 sec, as compared to the predicted value of

462.864. The 10.981 sec deviation was caused by the extended operation

with the PU valve closed which raised the average rate of LOX

consumption.

The engine thrust variations during the acceptance firing are presented

in table 6-6. Expanded thrust plots during the periods discussed are

presented in figures 6-15 and 6-16. Comparison is made to acceptance

firing thrust history predictions and to Marshall Space Flight Center

suggested allowable limits for flight. These limits do not apply

to acceptance firing performance and are presented for reference

purposes only. It shuld be noted that these limits are more stringent

than those for previous S-IVB/IB stages. Thrust variations during

flight will be modified by flight dynamics effects on stage operation.

Thrust variations were noted during the following four phases of engine

operation:

a. Hardover or maximum engine mixture ratio operation

( MR = 5.5/i.0)

b. Transient phase (PU valve cutback +50 sec to ECC _70 sec)

c. Final 40 sec of burn

d. Final 70 sec of burn

The thrust'variations during the hardover operation were within the

suggested allowable limits for normal operation. Normal operating

thrust variations during this time period are caused by engine

stabilization and stage perturbations including the effects of variations
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i

in propellant supply conditions. The internal engine performance

shift which occurred at ESC +120 sec resulted in a rate of change

in thrust of -835 ibf/sec which deviated from the allowable limits

during this period of operation.

The time period from PU valve cutback +50 sec to ECC -70 sec was non-

existent during this firing because of the late PU valve cutback.

The deviations causing the late PU valve cutback are discussed in

section i0.

The time period from ECC -70 sec to Engine Cutoff Command includes

the transient performance results. The transient performance during

this period was caused by the late PU valve cutback mentioned. Because

of the late cutback, the MSFC suggested allowable limits on thrust

variations were exceeded in all categories. Acceptance firing data

will aid in the flight calibration of the PU system in order to

nominally eliminate the deviations in the PU valve cutback.

The time period from ECC -40 sec to Engine Cutoff Command is reported

in addition to the normal periods discussed in an effort to show a

more stable period of engine operation. The thrust variations during

this period are influenced primarily by movements of the PU valve

and, to a secondary degree, by variations in stage performance. The

thrust variations were within the suggested flight limits for the

maximum rate of change and for the deviation from predicted mean slope.

Deviations in the other categories are attributed to the transient

operation caused by the late PU valve cutback.

6.3.3 Cutoff Transient

The time lapse between engine cutoff, as received at the J-2 engine,

and thrust decrease to 11,250 Ibf was not within the maximum allowable

time (800 ms) for the acceptance firing as shown in the following

table.

3
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Thrust decrease to 11,250 Ibf (ms)

Total impulse (ibf-sec)

Acceptance Log Book

825 385

43,782* 34,220**

*PU valve at -5.02 deg

**PU valve at null position; standard altitude conditions, average of

tests 313-011 and 313-012.

The performance values presented are not in satisfactory agreement with

the log book or the Rocketdyne J-2 Engine Manual No. R-3825-I

(0.340 ±0.030 sec and 38,100 ±3,000 ibf-sec, based on a main LOX valve

temperature of 0 deg F with PU valve in the null position, and defined

from cutoff signal to 5 percent of rated thrust). Stage performance

during flight should not be adversely affected by these conditions.

The deviation in cutoff impulse to 11,250 ibf from Rocketdyne nominal

values (which are based on thrust load cell data) are probably caused by

a time lag in the chamber pressure measurement from which computer pro-

gram F839 calculates cutoff impulse. THe time lag, which has been

discussed in previous reports, is under investigation by the engine

manufacturer. The actual cutoff impulse was probably less than that

calculated !,) program F839. Figure 6-17 presents the thrust chamber

pressure data for the cutoff transient and the cutoff transient thrust.

Figure 6-18 presents accumulated cutoff impulse from engine cutoff to

11,250 ibf thrust for the acceptance firing.

6.4 Engine Sequencing

The engine sequencing was satisfactory throughout the acceptance firing

and compatible with the engine logic and the acceptance firing test plan.

Figure 6-19 presents the engine start sequence for the acceptance firing;

table 6-7 presents the time of significant events during the firing and

compares them to the nominal values.
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An orifice was installed in the gas generator valve control line to

delay the opening of the valve by approximately 65 ms, thereby eliminat-

ing the high line pressure effects on the main L0X valve. Satisfactory

results were obtained. Because of the low sampling rate (12 sps) and

the lack of FM data, all sequence of events data are only accurate to

+80 ms.

6.5 Component Operation

All of the J-2 engine components performed satisfactorily during the

acceptance firing. The main LOX valve required 2.63 sec to open. This

was satisfactory based on the specified time for dry valve operation.

_he second stage travel was devoid of line pressurization disturbances

indicating the effectiveness of the modification to retard the opening

of the gas generator valve. The main L0X valve opening time data were

as follows:

Parameter

First stage travel (ms)

Plateau (ms)

Second stage travel (ms)

Total (ms)

Specification Dry Acceptance

50 ±20 49 50

460 ±55 540 500

1600 ±75 1554 2180

2110 ±150 2143 2630

6.6 Engine Vibration

Four vibration measurements were monitored on the engine which included

one at the LOX turbopump, one at the LH2 turbopump, and two on the

combustion chamber dome. The data from these measurements are shown in

figure 6-20. The vibration levels at these locations were comparable to

those measured on past acceptance firings.
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Figure 6-2. Thrust Chamber Chilldown
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Figure 6-8. J-2 Engine Pump Operating Characteristics



240

o

20O

160

I--.
120

220

o

200
rv.

i....

180

F-

160

1000

900

t,U

1:)

soo
LIJ

70O

1000

9oo

soo

70O
0

I I i I m i

THRUST CHAMBER SKIN TEMPERATURE CC064S)

I I I i I

,, /

v'Ir'] nl " I "''1 l-'':_-llrq'*'"

I I i I
LH2 INJECTOR TEWPERATURE (C0646)

• m n I I

I I I I
I

LOX INJECTOR PRESSURE (D0005)
I m I m

_:__WJL'_'--_- "',%-_ ...._ -,_r..

i i I
LH2 INJECTOR PRESSURE CD0518)

I I I i
50 100 150 200 250 300 350 400 450

TIME FROM ENGINE START C_D (SEC)

500

Figure 6-9. J-2 Engine Injector Supply Conditions

75



3500

$ 3000

2500

2000

9000

,_ 8OOO

0
_J

7000

6000
0

LOX FLOWRATE CF0506)

LH2 FLOWRATE (F0507)

\

100 200 300 _00

TIME FROM ENGINE START C_D (SEC)

500

]

]

]

]

]

]

]

3

I

76

Figure 6-10. L0X and LH2 Flowrate
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OXIDIZER SYSTEM

The oxidizer system functioned adequately, supplying LOX to the engine

pump inlet within the specified operating limits. The net positive

suction head (NPSH) available at the LOX pump inlet exceeded the engine

manufacturer's minimum requirements at all times.

7.1 Pressurization Control

Ti_e LOX tank pressurization system (figure 7-1) satisfactorily

maintained pressure in the LOX tank throughout the acceptance firing.

All portions of the system performed close to the design requirements.

7.1.1 Prepressurization

LOX tank prepressurization was initiated from GSE console B cold helium

supply at ESC -312 sec and increased the LOX tank ullage pressure from

ambient to 40.5 psia within 16 sec (figure 7-2). Before the ullage tem-

perature stabilized, one makeup Cycle was required to maintain the LOX

tank ullage pressure above 37.5 psia. After the makeup cycle, the

ullage pressure decreased and then increased normally to the LOX vent

relief setting because of the helium purge of the vent valve. Although

no relief valve opening was recorded, the relief valve apparently began

"feathering" at this time because the ullage pressure indicated that gas

was escaping from the tank.

Table 7-1 compares significant LOX tank prepressurization data from

several stages.

7.1.2 Pressurization

The operation of the LOX tank pressurization system was nominal during

engine firing. At Engine Start Command, the ullage pressure was

41.9 psia. During the start transient, the normal pressure decrease and

recovery occurred. As predicted, secondary flow was required seven times

to maintain the ullage pressure within the range of 37.4 to 39.45 during

the firing.
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Table 7-2 compares the S-IVB-207 stage pressurization system data with

data from previous acceptance firings.

The LOXtank pressurization module operation was nominal (figure 7-3)

and comparedwell with that of previous stages. The pressurization

module plenum chamber pressure (D0105) data were erroneous due to a

calibration problem and were corrected by the addition of a +20 psi

linear bias to the data. After 270 sec, the corrected data started a

slow decrease and reached 398 psia at engine cutoff, which was within

the 400 _25 psia requirement. Because the normal increase in pressuri-

zation module outlet temperature occurred during the sameperiod, the

cold helium flowrate gradually decreased. This flowrate decrease was

similar to, but somewhatgreater than, that noted on previous stages

and probably caused by the greater than usual decrease in module outlet

pressure which was still within requirements.

7.2 Cold Helium Supply

At Engine Start Command, the cold helium spheres contained 254 ibm of

helium at 2,990 psia and 39.7 deg R. The conditions of the cold helium

spheres at significant times are presented in table 7-2. The temperature

and pressure profiles were normal and are shown in figure 7-4.

The number of cold helium spheres was reduced from eight to six on the

S-IVB-206 and subseqaunt stages, thereby reducing the helium storage

capacity from approximately 350 Ibm to 250 Ibm. Because of the lessor

mass, the sphere pressure at engine cutoff was 500 to 600 psia instead

"of the previously noted 1,200 to 1,400'psia; however, the pressures at

engine cutoff for acceptance firings and those predicted for flights

were above the minimum required for required for regulator operation.

Calculations indicate that, had another pressure cycle occurred between

ESC +250 sec and engine cutoff (as in flights), the final sphere pressure

would have been reduced by approximately 35 psia.
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After it reached a minimum, the sphere pressure tended to level off,

rather than increase as previously noted because of the following

conditions:

a. The pressurant flowrate was larger than it was during previous

acceptance firings.

b, The ullage mixing in the LH2 tank was reduced by the nylon

diffuser bag, thereby decreasing the heat transfer to and,

therefore, the warmup of the helium spheres as they emerge

from the LH2.

7.3 J-2 Heat Exchanger

The J-2 heat exchanger functioned satisfactorily (figure 7-5). The

measured LOX vent inlet temperature and the theoretical mixture tempera-

ture compared reasonably well with previous acceptance firing data.

Significant heat exchanger data are included in table 7-3.

7.4 LOX Pump Chilldown

The LOX pump chilldown system performance was adequate. At Engine Start

Command, the pump inlet conditions of 50 psia and 165.2 deg Rwere suf-

ficient to produce an NPSH of 33.3 psi which was well above the required

value of 16.5 psi.

The prevalve and gas generator bleed valve were open during loading and

allowed LOX to enter the system and cool the engine LOX turbopump and

the circulation system before the chilldown pump was started. Recircula-

tion chilldown was started 148 sec before initiation of prepressurization

and was terminated shortly before engine start. The prevalve open com-

mand was received at ESC -3.98 sec. Dropout of the closed signal

occurred 0.62 sec later and was followed by the pickup of the prevalve

open signal at ESC -1.73 sec, thus resulting in a delay of 2.26 sec

between command and pickup of the prevalve open signal. Bubbles which

might have collected under the prevalve during chilldown, were removed

by opening the prevalve with the chilldown pump still running. The

chilldown shutoff valve was closed immediately before engine start.
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The pump inlet pressure followed the ullage pressure during chilldown

until the prevalve was opened (figure 7-6). A loss of most of the

chilldown pump developed head resulted from opening the prevalve, thus

producing a subsequent decrease in pump inlet pressure.

The chilldown system fluid temperatures decreased during the initial

minute of chilldown, after which they remained relatively constant until

prepressurization. After prepressurization, the temperatures increased

because of bulk heating (figure 7-6).

During the chilldown process, the LOX was subcooled throughout the

recirculation system. The chilldown flowrate and frictional pressure

drop were respectively 36.7 gpm and 8.7 psi prior to prepressurization.

Afterwards, the flowrate increased to 41 gpm with a pressure drop of

i0.0 psi through the system. The flow coefficient, a measure of the

flow resistance, was calculated from the above flowrate and pressure

drop data and was found to average 15.3 sec2/in2-ft 3 during pressurized

chilldown (figure 7-7). This value is within the range of the coef-

ficients of previous S-IVB/IB and S-IVB/V stages and _ndicates equivalent

flow resistances for the chilldown systems.

When the chilldown pump was started, the NPSH at the turbopump inlet

increased from 6 to 14 psi, then remained constant until prepressuriza-

tion occurred at SLO -160 sec. It then increased to 41.4 psi and varied

directly with the ullage pressure until the prevalve was opened, when it

dropped from 41.9 to 33.3 psi as a result of the decrease in pump inlet

pressure.

Flowrate and temperature data were used to compute the heat input for

sections i, 2, and 3. These rates decreased rapidly during the first

minute of chilldown, then became relatively stable during the subsequent

chilldown process (figure 7-7).

A l-deg peak-to-peak noise level on the bleed valve temperature measure-

ment (CO651) may have been responsible for the relatively high heat input

to section 2 and the nearly zero heat input to section 3. If the

average of C0651 were decreased by 0.5 deg R (which is well within the
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accuracy of the temperature data), the heat input rates would compare

favorably with those previously noted. During steady state pressurized

_hilldown, the heat input rates were as follows:

Heat Input Rate (Btu/hr)

Section Calculated
J

I (tank to 2,000

turbopump inlet)

2 (pump inlet to 17,000

bleed valve)

3 (bleed valve to 0

tank inlet)

CO651 With

-0.3 deg Bias

Average of

S-IVB 204, 205, 206

2,000 4,170

14,000 13,000

2,800 2,330

Total 19,000 19,000 19,300

7.5 Engine LOX Supply

The LOX supply system (figure 7-8) delivered the necessary quantity of

LOX to the engine pump inlet throughout the engine firing and maintained

the pressure and temperature conditions within a range that provided a

LOX pump NP%H above the minimum requirement of 21.0 psi at high EMR and

14.9 psi after E_IR cutback. The minimum available NPSH at engine cutoff

was 21.8 psi. During engine operation, the LOX pump inlet pressure and

temperature were very near predicted. The LOX pump inlet pressure was

50 psia at Engine Start Command and decreased to 40.2 psia during the

first 15 sec of engine operation. It then cycled with ullage pressure

while generally decreasing with time as the LOX in the tank was consumed

and the liquid head decreased.

The LOX temperature at the pump inlet was 164.6 deg R after the start

transient and increased with bulk heating to a maximum of 167.5 deg R at

engine cutoff (figure 7-9).
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The NPSHavaiiable at the LOXpumpinlet was 33.2 psi at engine start

and decreased to 26.0 psi during the first 15 sec of engine operation

because of decreasing ullage pressure. The NPSHthen cycled with the

ullage pressure while generally decreasing with time because of the

decreasing liquid head and increasing bulk temperature. By engine
cutoff, the NPSHhad decreased to a minimumvalue of 21.8 psi which was

well above the allowable minimumof 15.0 psi. The average frictional

pressure drop in the LOX suction duct at high EMRwas calculated to be

I to 1.4 psi at a flowrate of approximately 450 ibm/sec. After EMRcut-
back the pressure drop averaged 0.4 psi at a flowrate of approximately

368 ibm/sec. These pressure drops were less than the range of values

calculated from previous acceptance firings, but were within data

accuracy.

The LOXpumpinlet pressure and temperature were plotted in the engine

LOXpumpoperating region (figure 7-10) and showedthat the engine LOX

pumpinlet conditions were met satisfactorily throughout engine

operation.

In figure 7-11, the pumpinlet temperature is plotted against the mass

remaining in the LOXtank during engine operation and is comparedto the
S-IVB-205 and -206 acceptance firing data. The S-IVB-205 and -206 data

were shifted so that the initial steady-state temperature of the

S-IVB-207 stage acceptance firing and the S-IVB-205 and -206 acceptence

firing data agree. (This corrected for instrument error, different

heating during prepressurization, and other test-to-test variations.)
After this correction was made, it was apparent that the S-IVB-207

temperature was within 0.25 deg of the comparative data, indicating that
the heat transfer to the LH2 was very similar to that previously noted.
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TABLE 7-1

LOX TANK PREPRESSURIZATION DATA

PARAMETER

Prepressurization initiation

(sec from ESC)

Prepressurization duration

(see)

Number of makeup cycles

Prepressurization flowrate

(ibm/sec)

Helium added to LOX during

main prepressurization (Ibm)

Helium added to LOX tank

during makeup cycles (ibm)

Ullage pressure at prepres-

surization initiation (psia)

Ullage pressure at prepres-

surization termination (psia)

Ullage pressure at Engine

Start Command (psia)

S-IVB-205

-312

19

2

0.22

to

0.34

5.55

1.15

14.7

39.2"

40.7

S-IVB-206

-312

13

1

0.25

to

0.35

3.3

1.9

14.7

40.2

38.3

S-IVB-207

-311

16

1

0.22

to

0.32

4.00

0.66

15.2

40.5

41.9
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PARAmeTER

TABLE7-2 (SHEETi OF 2)
LOXTANKPRESSURIZATIONDATA

Ullage pressure at Engine
Start Command(psia)

Minimumullage pressure
during start transient (psia)

Numberof secondary flow
intervals

LOXtank pressure control
(psia)

LOX tank pressurization total
flowrate:

During overcontrol (Ibm/sec)

Predicted

During undercontrol
(ibm/sec)

Predicted

Helium in cold helium spheres

at Engine Start Command (Ibm)

Cold helium sphere pressure

at Engine Start Command (psia)

S-IVB-205

40.7

35.0

8

36.6

to

38.6

0.34

to

0.40

0.34

to

0.39

0.23

to

0.26

0.22

to

0.26

338*

3050

S-IVB-206

38.3

32.9

36.9

to

38.9

0.38

to

0.44

0.34

to

0.40

0.27

to

0.31

0.23

to

0.26

251

3020

S-IVB-207

41.9

36.3

37.43

to

39.45

0.39

to

0.48

0.42

to

0.46

0.28

to

0.36

0.29

to

0.33

254

2990

O

}

]

]

]

]

)

]

]

]

]

]

*S-IVB-205 stage utilized eight helium spheres; S-IVB-206 and -207 stages

utilized only six.
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TABLE 7-2 (SHEET 2 OF 2)

LOX TANK PRESSURIZATION DATA

PARAMETER S-IVB-205 S-IVB-206

39.5 40.0Average cold helium sphere

temperature at Engine Start

Command (deg R)

Helium in cold helium spheres

at Engine Cutoff Command (ibm)

Helium consumed during engine

firing as calculated from

sphere conditions (Ibm)

Helium consumption calculated

by integration of flowrate

(ibm)

Cold helium sphere pressure

at Engine Cutoff Command

(psia)

Average cold helium sphere

temperature at Engine Cutoff

Command (deg R)

Estimated temperature loss in

I0 ft of uninsulated line:

During overcontrol (deg R)

During undercontrol (deg R)

Maximum LOX tank vent inlet

temperature* (deg R)

194

144

136

1275

48.4

4

i0

537

*Redline is 560 deg R.

91

160

148

7OO

47.3

14

38

530

S-IVB-207

39.7

97

157

155

640

44.8

7

17

496
'I

J

97



TABLE 7-3

J-2 HEAT EXCHANGER DATA

L '

PARAMETER S-IVB-205

L

Flowrate through heat

exchanger:

During overcontrol

(ibm/sec)

During undercontrol

(ibm/sec)

Heat exchanger inlet

temperature:

During overcontrol (deg R)

During undercontrol (deg R)

Heat exchanger outlet

temperature*:

During overcontrol (deg R)

During undercontrol (deg R)

Heat exchanger outlet

pressure:

During overcontrol (psia)

During undercontrol (psia)

Heat exchanger outlet

temperature at engine cutoff

(deg R)

Average LOX vent inlet

pressure:

During overcontrol (psia)

During undercontrol (psia)

0.22

0.075

7O

9O

965

990

335

to

362

395

to

410

880

67

46

S-IVB-206

0.187

to

0.205

0.072

6O

70

974

1028

.%SS

to

368

395

to

420

930

68

48

S-IVB-207

6O

73

0.215

0.085

957

1002

335

to

36O

385

to

4O7

902

72

51

*Estimated from measurement C0009 and uninsulated line temperature loss.
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J FUEL SYSTEM

The fuel system performed as designed and supplied LH2 to the engine

within the limits defined in the engine specification.

8.1 Pressurization Control

The LH2 tank pressurization system (figure 8-1) performed adequately

and satisfactorily controlled LH2 tank ullage pressure throughout the

acceptance firing.

8.1.1 Prepressurization

LH2 tank helium prepressurization from GSE console B was nominal.

Data are presented in figure 8-2 and compared with S-IVB-206 data in

table 8-1. After prepressurization was terminated and until Engine

Start Command, the ullage pressure increase (figure 8-2) was a result

of the ullage temperature increasing because of ambient heat input.

8.1.2 Pressurization

During engine operation LH2 tank pressurization was satisfactorily

accomplished by the GH2 engine tapoff system (figure 8-1). The data

are presented in table 8-2 and figure 8-3 and show that all measured

parameters were within the normal dispersion range observed in previous

acceptance firings. The low calculated values of propellant boiloff

and pressurant collapse factor attest to the effectiveness of the nylon

bag pressurant inlet diffuser.

The LH2 tank relief valve cracked open at ESC +408 sec, during step

pressurization, and continued relieving until Engine Cutoff Command.

This was a result of step pressurization which occurred near the end

of an overpressurization cycle with the high ullage pressure at that

time being reflected throughout step pressurization.

8.2 LH2 Pump Chilldown

The LH2 pump chilldown system performance was marginal, with pump

inlet conditions at engine start of 38.2 psia and 41.6 deg R producing

an NPSH of 6.8 psi. The decline in performance from that of previous
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stages was a direct result of an unusually high level of heat flux into

the chilldown system; however, at this time, this cannot be attributed

to any specific source, and there were no contributing hardware

malfunctions. The low level of NPSH at Engine Start Command did not

result in unfavorable conditions during the engine start transient.

System data and performance calculations are presented in figures 8-4

and 8-5 and compared with previous acceptance firing data in table 8-3.

Prior to the initiation of recirculation chilldown, the system was

filled with liquid at saturated conditions and the hardware had been

exposed to the LH2 for several hours. In spite of this, the chilldown

pump outlet temperature showed superheated gas, indicating an unusually

high heat input rate in the area of the chilldown pump and shutoff

valve. At the initiation of recirculation, this temperature quickly

became saturated and then subcooled, although heat input was sufficient

to prevent subcooling at the engine pump inlet and the remainder of

the system during the period prior to tank ullage pressurization.

After the LH2 tank was pressurized, subcooled conditions were obtained

at the J-2 engine but the chilldown system return llne exit remained at

saturation temperature. An unusual phenomenon occurred both before

and after prepressurization. The chilldown pump outlet temperature

indicated subcooled levels while, during prepressurization, it

responded to what appeared to be the change in saturation temperature.

This would seem to indicate a change in heat input in this area

(chilldown pump and shutoff valve) during prepressurization.

The flowmeter and chilldown pump differential pressure verify the

conditions observed, with the high flow and low pressure followed by a

period of low flowrate and high pressure, both at chilldown pump

initiation and prepressurization, indicating a partial gas collapse

followed by the'high flow impedance offered by the gas remaining in

the system. In addition, the steady-state flowrate prior to pre-

pressurization is slightly lower than normal (85 gpm vs i00 gpm) and

the pressure is higher (i0 psid vs 9 psid), both of which conditions

indicate excessive vaporization in the system.
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Before any calculations were made, the various data were observed

during a quiescent period prior to initiation of recirculation, with

the result that three measurements (C0161, C0650, and D0218) were

biased to make them consistent with the remainder of the data.

The flow coefficient, which is a measure of the chilldown system flow

resistance, was higher than in previous acceptance firings; however,

this result must be qualified because an unknown amount of vaporization

occurred in the system return line during pressurized chilldown. The

flow coefficient is calculated from data obtained during this period

because normally vapor is not present and this allows the use of

liquid density in the equation from which the flow coefficient is

calculated. In this instance the use of liquid density instead of

the correct two-phase density (which is unknown but definitely lower)

results in a calculated flow coefficient that is too high. As the

average of the flow coefficient values obtained during pressurized

chiildown is used to estimate fluid quality during unpressurized

chilldown, the error also affects the latter value. The estimate of

fluid quality and thus also the calculated heat input causing this

amount of vaporization will be lower than actually occurred.

The heat inputs to the chilldown system itemized in table 8-3 contain

several apparent inconsistencies, particularly in the light of the

preceeding paragraphs, which may be rationalized with the following

information. Due to instrumentation limitations, it is not possible

to calculate the heat input resulting in LH2 vaporization in section i

during unpressurized operation. The 24,000 Btu/hr during this period

then is representative only of the sensible heat. The heat input

going into LH2 vaporization calculated from the fluid quality estimate

was arbitrarily assigned to sections 2 and 3. The heat input value for

the combination of these two sections may thus be high (if it offsets

the error in fluid quality) as some vaporization actually occurred in

section I, but the total heat input (into all sections) is definitely

lower than actually resulted because of the error in fluid quality.

The unusually high level of heat input to sections 2 and 3 (38,000 Btu/hr)

can also be partially attributed to the film of condensed nitrogen which

was noted on the system return line.
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Due to the limitations of the method used, the heat input going into

LH2 vaporization in section 3 during pressurized chilldown cannot be

calculated. The values presented for section 3 and total are then

low by the amount of the heat input going into LH2 vaporization. If

the assumption is made that the heat input to sections 2 and 3, calculated

during unpressurized chilldown, is approximately correct for pressurized

chilldown as well, the apparent total heat input to the system is

87,000 Btu/hr. The only previous stage with a comparably high level

was S-IVB-204 with 79,000 Btu/hr. On that stage the helium purge

around the recirculation line was insufficient (14 scfm vs normally

used 65 scfm).

The NPSH required prior to engine start to guarantee a liquid head to

the pump during the start transient was 6.3 psi. Within the limitations

of data accuracy, it would appear that the calculated value of 6.8 ful-

filled this requirement; however, a primary factor in calculating NPSH

is the LH2 pump inlet temperature (C0003), and throughout pressurized

chilldown this measurement was noisy and its absolute value cannot

be determined.

As indicated in the previous paragraphs, the difficulty in the chilldown

system appears to have been an excessive heat input in section i of the

system. Comparison of temperature levels with previous acceptance

firings show that the temperature differential, under subcooled

conditions, from the chilldown pump outlet to the engine pump inlet

was normal (0.8 deg R vs an average io0 deg R at Engine Start Command_.

This, together with the superheated conditions at the chilldown pump

outlet prior to recirculation, tends to show that the abnormal heat

input is in the vicinity of the chilldown pump and shutoff valve.

Calculations indicate that 37,500 of the 49,000 Btu/hr observed in

section i occurred in this area. Various possible sources of this heat

were considered and are discussed in the following paragraphs.
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a. An inactive or insufficient helium purge of the chilldown

valve fairing allowing GN2 to migrate into the fairing and

condense on the hardware, providing a much greater heat

source than the normal helium environment. This purge line

was checked after the firing and found to be correctly

installed and to have the proper flow of 65 scfm. No

measurement of the pressure across the fairing was made

during the firing.

b. The foam insulation around the chilldown pump and valve,

being missing or poorly installed, allowing ambient heat to

more freely penetrate the system. Although the insulation

was removed after the firing and could not be inspected, it

was verbally verified that the insulation was installed and

that the quality of the installation was equivalent to

previous stages.

c. A helium leak in the shutoff valve actuator injecting

ambient (530 deg R) helium directly into the LH2. The

valve was leak checked and found to be leak tight.

d. An electrical condition in the chilldown pump motor causing

unusually high heating. Although specific data are not

available, stage electrical system data show no unusual

current loads.

However the following should be noted:

a. High recirculation pump outlet temperature prior to recirculation

start indicated an external heat source.

b. Heat transfer from external source cannot be from the helium

purge because of the magnitude; therefore it is more likely

that condensation of GN2 occurred. Air condensation was also

possible but doubtful as air is usually moist and would form

an ice insulation which reduces heat input.
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8.3 Engine LH2 Supply

The engine LH2 supply system (figure 8-6) provided LH2 tO the engine

within specifications throughout the firing. The minimum available

NPSH during firing was 9.5 psi, which was above the allowable minimum

of 5.8 psi at high EMR and 5.57 psi after EMR cutback. The LH2 pump

inlet static pressure was 38.2 psia at engine start. It then followed

the ullage pressure, reaching a minimum of 27 psia at ESC +150 sec.

After step pressurization, the pressure increased and was 37.5 psia at

engine cutoff. After the start transient, the LH2 temperature at the

pump inlet was 37.4 deg R and increased with bulk heating to a

maximum of 39 deg R shortly before engine cutoff (figure 8-7).

•The available NPSH at the LH2 pump inlet at engine start was approximately

6.8 psi. It increased to a maximum of 19.6 psi shortly after engine

start as the warmer LH2 in the suction duct was replaced by the colder

LH2 from the tank, resulting in a lower saturation pressure at the pump

inlet. The NPSH then followed the ullage pressure, decreasing to a

minimum of 9.5 psi at ESC +270 sec, which was above the 5.8 psi required

at that time. It increased after the initiation of step pressurization

at ESC +300 sec and continued to increase until ESC +408 sec, when the

LH2 tank started relieving. From this time on the NPSH started to

decrease slightly, reaching 16 psi at engine cutoff.

The LH2 pump inlet pressure and temperature were plotted in the engine

operating region (figure 8-8) and showed that the LH2 pump inlet

condition was met satisfactorily throughout the firing. Figure 8-9

is a plot of the pump inlet temperature versus the mass remaining in

the LH2 tank during burn and includes previous acceptance firing data

for comparison. The S-IVB-207 data agreed closely with the S-IVB-205

and -206 data.
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TABLE 8-1

LH2 TANK PREPRESSURIZATION DATA

PARAMETER S-IVB-206 S-IVB-207

Prepressurization initiation (sec from To)

Prepressurization termination (sec from T )
o

Prepressurization duration (sec)

Helium mass used during prepressurization (Ibm)

-ii0. I

-41.6

68.5

36.4

-110.7

-39.1

71.6

38.72

Time of tank relief (sec from T )
o

Ullage pressure at prepressurization

termination (psia)

Ullage pressure at simulated liftoff (psia)

Ullage pressure at Engine Start Command (psia)

Ullage pressure at relief valve open (psia)

Ullage pressure rise rate after

prepressurization (psi/min)

Not Applicable

33.6

35.0

37.6

34.1

34.7

37.4

Not Applicable

1.22 1.04

TABLE 8-2

LH2 TANK PRESSURIZATION DATA

PARAMETER S-IVB-206 S-IVB-207

Number of control cycles

Control pressure switch range (psia)

Ullage pressure at Engine Start Command (psia)

Ullage pressure at step pressurization (psia)

Ullage pressure at Engine Cutoff Command (psia)

Time of step pressurization (sec from ESC)

2

26.8-29.1

37.6

29.1

38.6

301. i

GH2 pressurant flowrate -

Undercontrol (Ibm/sec)

Overcontrol (Ibm/sec)

Step before cutback (Ibm/sec)

Step after cutback (Ibm/sec)

Total GH2 pressurant mass (ibm)

Time of relief valve opening (sec from ESC)

Pressure at relief valve operation (psia)

LH2 boiloff during engine operation (Ibm)

0.35

0.63

1.12

1.04

281.6

407

38.4

0

2

27.1-29.3

37.4

28.5

38.9

301.3

0.36

0.65

I.i0

0.99

281.2

408

38.35

0
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TABLE8-3
FUELSYSTEMPERFORMANCEDATA

PARAMETER

MaximumNPSH(psi)

NPSHat ESC(psi)
Average flow coefficient (sec2/in.2-ft 3)

LH2 quality-sections 2 & 3 unpressurized
Maximum(Ibm gas/Ibm mixture)

At prepres (Ibm gas/ibm mixture)

LH2 pumpinlet at Engine Start Command

Static pressure (psia)

Temperature (deg R)

Chilldown system heat absorption rate*
(Btu/hr)

Unpressurized
Section I

Sections 2 and 3

Total

Pressurized

Section i

Section 2

Section 3

Total

Events (sec from TO)
Chilldown start

Preva!ve closed

Prepressurization
Prevalve (start) open

Chilldown pumpoff
Chilldown shutoff valve closed

Engine Start Command

S-IVB-205

23.8

16.5

15.2

0.043

0.036

39.5

39.1

25,000

25,000

50,000

21,000

13,000

32,000

66,000

-307.5

-152

147.5

150.7

150.89

151.34

S-IVB-206

25.5

18.0

18.2

O. 033

O. 025

38.5

38.6

21,000

18,000

39,000

17,500

22,000

21,500

61,000

-305.1

-301.8

-Ii0. i

147.22

150.2

150.34

150.16

S-IVB-207

15.9

6.8

18.95

0.377

0.067

38.2

41.6

24,000t

38,000

62,000t

49,000

i0,000

13,500t

72,500t

-505.6

-301.9

-110.7

147.86

150.26

150.44

150.86

]

]

]

J

ll

]

]

]

* Section i is tank to pump inlet, section 2 is pump inlet to bleed valve;

section 3 is bleed valve to tank.

t These values represent only the sensible heat observed in sections i,

and 3. Due to instrumentation limitations, the heat input going into LH2

vaporization cannot be calculated in sections I, and 3.
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5 PNEUMATIC CONTROL AND PURGE SYSTEM

The pneumatic control and purge system (figure 9-1) performed satis-

factorily throughout the acceptance firing. The helium supply to the

system was adequate for both pneumatic valve control and purging; the

regulated pressure was maintained within acceptable limits and all

components functioned normally. Data are presented in table 9-1 and

figure 9-2.

9.1 Pneumatic Control

All engine and stage pneumatic control valves responded properly

throughout the countdown and acceptance firing. The pneumatic control

helium regulator operated satisfactorily.

9.2 Ambient Helium Purges

During the acceptance firing, ten purge functions were satisfactorily

accomplished. The pneumatic system was isolated from the GSE at

T +90 sec; therefore, the purges from the facility supply were dis-
o

continued at this time. The purge function characteristics, gas

sources, and purging periods are listed in table 9-2.

Throughout the acceptance firing the LOX chilldown motor container

pressure was maintained within the design range. This demonstrated

satisfactory operation of the ambient helium purge system.
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TABLE9-1
PNEUMATICCONTROLANDPURGESYSTEMDATASUMMARY

PARA}_TERS

Sphere Conditions

Pressure at simulated llftoff (T)
o

Pressure at T +90 sec*
o

Pressure at Engine Start Command

Pressure at Engine Cutoff Command

Temperature at simulated liftoff

Temperature at T +90 sec*
o

Temperature at Engine Start Command

Temperature at Engine Cutoff Command

Mass at T +90 sec*
o

Mass at Engine Cutoff Command

Mass usage from T +90 sec* until
o

_revalves opened

Mass usage during interval required

to close LOX and LH2 chilldown

shutoff valves

Mass usage during engine operation

Total mass usage from T +90 sec*

to Engine Cutoff Comman_

Regulator Outlet

Maintained output pressure

System pressure drop during start

and cutoff transients

Regulator lockup pressure

LOX Chilldown Motor Container Purge

Purge pressure range

S-IVB-207

3,005

3,010

2,989

2,985

480

480

480

487

i.i0

1.07

0.005

0.025

0

0.03

540-510

445

600

49-52"*

S-IVB-206

3,150

3,135

3,090

3,010

523

52O

517

511

1.166

1.143

0.006

0.017

0

0.023

r_ 545-520

470

600

40**

S-IVB-205 UNITS

2,830

2,830

2,800

2,700

506

504

502

497

0.996

0.968

0.011

0.017

O

0.028

550-520

455

58O

48**

*GSE was isolated at T o +90 sec.

**S-IVB-206 pressure switch range was 37 to 40 psia; S-IVB-207 and 205

pressure switch ranges were 49 to 53 psia.

Dsia

psia

psia

psia

deg R

deg R

deg R

deg R

ibm

Ibm

Ibm

ibm

ibm

ibm

psia

psia

psia

psia
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Figure 9-I. Pneumatic Control and Purge System
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i0. PROPELLANT UTILIZATION SYSTEM

The propellant utilization (PU) system accomplished all design objectives

as listed in DAC Report No. SM-47457A, Saturn S-IVB-207 Stage Acceptance

Firing Test Plan.

I0.I PU System Calibration

The nominal pre-acceptance mass sensor calibration was determined from a

combination of empirical and theoretical analyses.

The propellant mass at the lower calibration point was determined from

the calculated tank volume and predicted propellant density. The

corresponding capacitance was determined from the vendor's sensor

calibration data and fast drain data from previous acceptance firings.

The propellant mass and its corresponding capacitance at the upper

calibration point was determined from the vendor's calibration data

and the immersed sensor data from the facilities vehicle.

The LOX and LH2 PU mass sensor calibrations are listed in the following

table:

PUMASS

SENSORS

LOX

LH2

CAPACITANCE

(pf)

282.12

414.38

412.63

973.96

1,190.37

1,154.00

MASS

(Ibm)

1,277

195,851

193,273

206

44,945

37,427

LOCATION

Bottom of inner element

Top of inner element
Full load

Bottom of inner element

Top of inner element

Full load

10.2 Propellant Utilization

10.2.1 Propellant Loading

Propellant loading was accomplished automatically by the loading computer.

The following tabulation presents propellant loading values at Engine

Start Command.
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PROPELLANTLOADING

Desired full load (predicted)

Indicated full load (PU reading)

Actual full load (flow integral)

Difference (indicated less
desired)

Difference (actual less desired)

Difference (indicated less
actual)

LOX
(Ibm)

193,273

192,813

194,802

-460

+1,529 (0.8%)

-1,989 (-1.0%)

LH2
(Ibm)

37,427

37,196

36,714

-231

-713 (1.9%)

+482 (1.3%)

10.2.2 Propellant Mass History

Propellant mass history during the acceptance firing is presented in

table I0-I. Results of the flow integral and volumetric methods of

mass determination will be used to calibrate the PU system mass sensors

to achieve the desired one percent stage loading accuracy for flight.

The flow integral method consists of determining the propellant mass

flowrates and integrating as a function of time to obtain the total

masses consumed during firing.

Flow integral mass values are based on an analysis of propellant flow-

rates using engine influence equations (computer pzogram AA89), engine

flowmeter data (computer program GI05-3), and thrust chamber Delta T

data (computer program F823-I). The three computer programs were

combined into a singie set of values by arithmetic averaging.

The initial full load masses are determined by adding final residuals

and boiloff to the flow integral values. GH2 pressurant used is also

added to the LH2 value. The following tabulation lists total additions

to the flow integral for determination of full load.
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DESCRIPTION

Propellant residual

Net mass lost through boiloff

GH2 pressurant used

Total Additions

LOX

(Ibm)

1,920

0

285

2,205

LH2

(Ibm)

1,060

180

1,240

10.2.3 Propellant Residuals

Propellant residuals were computed at Engine Cutoff Command using both

the PU mass sensor and point level sensor data in each tank. One level

sensor in the LH2 tank (LO002) and two in the LOX tank (LO005, LO004)

were activated during the firing and used for the residual computations.

The residuals for L0002, L0004, L0005 were generated using engine flow

data to extrapolate from level sensor activation to engine cutoff. The

PU system and level sensor masses at engine cutoff are a weighted average

of the aforementioned extrapolated residuals. The residual masses at

engine cutoff are the best estimate residuals generated by weighted

averaging the level sensor and PU mass sensor residuals.

The following table presents a comparison of the propellant residuals

determined by the PU system and level sensors.

TIME

Level sensor activation

LO005 (To* +576.84)

Level sensor activation

L0002 (T O +583.01)

Level sensor activation

LO004 (To +598.09)

Engine cutoff

(TO +598.94)

LOX (ibm)

PU LEVEL

SYSTEM SENSOR

9,703 9,879

2,353 2,223

1,993 1,911
+320 +II0

RESIDUAL

1,847 _

1,927

1,920"*
+104

LH2 (Ibm)

PU LEVEL

SYSTEM SENSOR

2,199 2,264

1,044 1,067
+70 +44

RESIDUAL

1,067

1,060"*

+37

* To - Simulated Liftoff

** Best estimate residuals
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10.3 System Operation

10.3.1 PU System Response

Figures I0-I and 10-2 present the normalized nonlinearity of the LH2 and

LOX mass sensors as compared to the flow integral reference. Smooth

curves drawn through these plots would represent the mass sensor-to-

tank mismatch.

Superimposed on these hypothetically smooth mismatch nonlinearity curves

are the manufacturer discontinuities in linearity. The LOX mass sensor

has a maximum error of approximately +0.4 percent occurring near the

50 percent level of the tank. The LH2 mass sensor has a maximum error

of approximately +0.35 percent near the 25 percent level of the tank.

The S-IVB-207 acceptance firing was the first test of the PU system

redesigned slosh filter and reshaped LOX mass sensor. The sensor was

redesigned to reduce thrust variations caused by tank-to-sensor mismatch

and manufacturing nonlinearities. A reduction in thrust variation was

not apparent due to the relatively short period of constant EMR operation

after PU valve cutback. The sensor manufactuirng nonlinearities were,

however, significantly reduced as illustrated by the sensor vendor data

shown in figure 10-3. The LOX tank-to-sensor mismatch was also reduced

by the LOX sensor modification. Figure 10-4 compares the average LOX

tank-to-sensor mismatch from previous acceptance firing results with

the predicted and actual S-IVB-207 acceptance firing mismatch.

S-IVB-207 acceptance firing PU valve history predicted a PU valve cutback

time of ESC +280 sec (figure 10-5). Actual PU cutback occurred at

ESC +330 sec. The actual mean level of valve position after cutback

was approximately one degree higher than predicted. The differences

between predicted and actual were caused by the following:

B

D

3

]

]

0

I

3

J

]
DESCRIPTION

i. Loading errors

2. Calibration errors

3. Difference between predicted

and actual tank-to-sensor

mismatch data

CUTBACK TIME

DISPERSION (sec)

+i0.6

+39. I

-6.8

VALVE POSITION

SHIFT (deg)

0.0

+4.2

+2.O

J

3

J
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DESCRIPTION

4. Engine performance shift

5. Open loop flowrate

deviation

Total

CUTBACK TIME

DISPERSION (sec)

+9.2

-2.1

+50.0

VALVE POSITION

SHIFT (deg)

-3.0

-2.1

+I. 1

Considering the above factors, predicted cutback time would increase

by 50.0 sec and the mean level of thePU valve position after cutback

would increase by i.i deg. This gives a close comparison between the

actual valve response and the reconstructed valve history.

Due to the late PU valve cutback time, the thrust variations during

the last 70 sec of burn include the effects of the cutback transient

and are larger than the MSFC requirements. The mean slope and maximum

zero-to-peak variation in thrust were -75 ibf/sec and 3,500 ibf,

respectively.

Loading errors are the difference between desired and actual indicated

loads. The loading errors were -460 ibm LOX and -231 ibm LH2. The

combined effect of these errors was to increase cutback by 10.6 sec.

Calibration deviations at ESC were +1.02 percent LOX and -1.41 percent

LH2 thus causing the initial LOX mass to ',_:overloaded and the initial

LH2 mass to be underloaded by the above percentages. Calibration

deviations at ECC were +0.09 percent LOX and +0.02 percent LH2. The

slope deviations between ESC and ECC were +0.91 percent LOX and

-1.43 percent LH2. These slope deviations caused the desired bridge gain

ratio (BGR) of 4.8:1.0 to actually be 4.91:1.0. As a result of the

change in BGR, the desired EMR of 4.7:1.0 after the transient was actually

4.88:1.0.

The LOX equivalent calibration error between the mass/capacitance end

points is +2.34 percent. This LOX equivalent calibration deviation

will cause a 39.1 sec increase in cutback time and a +4.2 deg shift in

valve position.
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The effect of the differences between the average of previous acceptance

firings tank-to-sensor mismatch results used for the S-IVB-207

predicted and actual tank-to-sensor mismatch was to decrease cutback

time by -6.8 sec and to shift the meanvalue of valve position by

+2.0 deg.

At ESC+120 sec, an engine performance shift occurred which caused the

LOXand LH2 flowrates to be lower than predicted (see section 6 for

discussion). The lower flowrates caused the PUvalve cutback time to
occur 9.2 sec later and the meanlevel of the valve after the cutback

transient to be 3.0 deg lower. The above values were obtained by

comparing the actual results with a simulation that did not include the

engine performance shift.

The effect of the differences between the predicted and actual pumpinlet

conditions, pressurization rates, and boiloff rates was to decrease

cutback time by -2.1 sec and to shift the meanlevel of valve position

after cutback by -2.1 deg.

Figures 10-5 and 10-6 show the predicted and actual mismatch extended to
the sensor extremities with the manufacturing nonlinearities removed.

10.3.2 PUEfficiency

LOX propellant depletion extrapolated from propellant mass history rates

at cutoff, would have occurred at ESC +451.88 sec with i7.5 ibm of usable

LH2 remaining. This is equivalent to a closed loop efficiency of

99.99 percent. Stage propellant consumption rates at engine cutoff, were:

LOX Mass Consumption Rate (WLo X) - 368.91 ibm/see

LH2 Mass Consumption Rate (WLH2) - 74.48 ibm/see.

These values represent the summation of total flow through the engine,

boiloff rates, and GH2 pressurant flowrate.
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DATA ACQUISITION SYSTEM



Ii. DATA ACQUISITION SYSTEM

The data acquisition system is designed to collect _ and transmit infor-

mation describing the stage environment and performance of the stage

systems. The measurements which comprise this required information are

specified in Douglas Drawing No. IB43560, Instrumentation Program and

Components List (IPCL). The stage data acquisition system performed

nominally throughout the acceptance firing. All acceptance criteria

were _et satisfactorily. A measurement summary is presented in the

following table.

Measurement Efficiency

Total number of measurements assigned

Total number of measurements deleted

Total number of active measurements

Measurement failures

Total successful measurements

98.3%

228

56 _

172

3

169

ii.i Instrumentation System Performance

The instrumentation system performed satisfactorily throughout the

acceptance firing. The instrumentation system performance is presented

in table ii-i. Measurement discrepancies that occurred during the

acceptance firing are listed, with their qualification comments, in

table 11-2. The status of the telemetry measurements is tabulated in

table 11-3.

The RAC calibration data (To-2,721 sec) verified all active channels

were operating prior to the firing.

Comparison of the PCM and hardwire (strip chart, GIS, FM) data in

table 11-4 verified the validity of the telemetry data.

ll.Z Telemetry System Performance

The telemetry system performance was good. No loss of system synchro-

nization was observed and acceptable data were received from all

data channels. The inflight calibration of the Model 270 multiplexers

at T +91 sec was verified on all channels.
o
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11.3 RF Subsystem Performance

The RF subsystem performance was normal. Acceptable signal strength was

observed at the ground station. A summary of the RF system performance

is presented in the following table:

SYSTEM PCM/FM

25.2 WRF Power Amplifier Output (Watts)

(Minimum Acceptable is 12 Watts)

Deviation (RMS)

Ground Station Signal Strength (UV)

SYSTEM

Reflected Power (Watts)

VSWR (Maximum Acceptable is 3.1:1)

30 KC

i0 K

0.16 W

1.172:1

11.4 Electromagnetic Compatibility

The data acquisition system was electromagnetically compatible with

all other stage systems with one exception. Radio frequency inter-

ference was observed on the pressure measurement, D0016-424 (refer

to table 11-2).

11.5 EDS Measurements

The LH2 and LOX tank ullage emergency detection system (EDS) pressure

measurements performed satisfactorily as shown in figure II-I. The

variation between the LOX EDS measurements, which is within instru-

mentation tolerance, was introduced inthe data reduction process.

11.6 Hardwire Data Acquisition System Performance

The ground instrumentation system (GIS) provides a backup and data

comparison for certain stage telemetry system parameters in addition

to recording measurements from the ground support and facility equip-

ment. The GIS also provides strip charts for redline and cutoff

parameter monitoring. The GIS performance during the acceptance firing

was satisfactory.
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The following table presents the type of recording equipment and the

number of channels used during the acceptance firing.

Ground Recorder Channels Assigned

Beckman 210 Digital Data System

Constant Backwidth FM

Wideband FM

Strip Charts

Total

245

53

6

35

339

Table 11-5 presents a tabulation of the various types of measurement

data recorded and the performance of the system.

11.6.1 Hardwire Measurement Discrepancies

There was one measurement failure and two measurements were classified

partially successful yielding an overall hardwire efficiency of

99.2 percent. Measurement discrepancies that occurred during the

acceptance firing are listed in table 11-6.

11.6.2 GSE Measurements

Three of the four hardwire chilldown shutoff valve talkback signals

were erratic during the acceptance firing. Initially, during critical

components cycling prior to initiation of the acceptance firing, the

LH2 chilldown shutoff valve closed talkback (K0551) failed. After the

valves were cycled several times, measurement K0551 indicated properly

but the LOX cNilldown shutoff valve open talkback (K0545) failed; however,

the test was continued and K0545 picked up eight sec after initiation

of LOX tank prepressurization.
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TABLE ii-i

INSTRUMENTATION SYSTEM PERFORMANCE SUMMARY

FUNCTION

Temperature

Pressure

Flow

Position

Events

'Liquid Level

iVolt, Current,

Frequency

!Miscellaneous

'Speed

TOTAL

ASSIGNED

PER

IP &CL

45

56

4

8

66

5

29

13

2

228

DELETED

13

24

0

5

8

I

0

55

INACTIVE ACTIVE

32

31

4

3

58

4

29

9

2

172

DISCREPANCIES ACCEPTABLE

31

30

4

3

58

.

i

0

0

0

0

0

4

29

169
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TABLE 11-5

HARDWIRE DATA ACQUISITION SYSTEM

_ASUREMENT

TYPE

Pressure

Temperature

Flow

Position

Voltage/Current

Events/Switches

Speed

Level

Vibration

Miscellaneous

TOTALS

RECORDED

108

51

4

19

38

102

2

3

4

8

339

FAILED

0

0

0

0

0

i

0

0

0

0

PARTIALLY

SUCCESSFUL

i

0

0

Q

0

0

0

0

i

0

2

SUCCESSFUL (%)

99

i00

i00

I00

i00

99

i00

i00

87.5

i00

99.2
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12.

/
J

ELECTRICAL POWER AND CONTROL SYSTEMS

12.1 Electrical Control System

All control system events that function as a direct result of a switch

selector command performed satisfactorily as shown in the sequence of

evenKs (section 5). The system performance of non-programmed events is

presented in the following paragraphs.

12.1.1 J-2 Engine Control System

All event measurements verified that the engine control system responded

properly to the engine start and cutoff commands. The Engine Start

Command was given by the switch selector 150.859 sec after simulated

llftoff. Engine cutoff was initiated at 598.940 sec. The total engine

burn time was 448.081 sec.

The engine cutoff signal was non-programmed and was initiated by the PU

processor which indicated that a I percent LOX level had been attained.

The cutoff sent a signal to the prevalve delay timer. The timer output

occurred 430 ms later, within specified limits (425 +25 ms). The main

LOX and LH2 valves had closed prior to timer output.

12.1.2 Range Safety System

During the engine burn phase, the range safety system was employed for

verification of performance integrity. Evaluation of the data verified

that the system performed satisfactorily.

12.1.3 Control Pressure Switches

A review of the event and pressure measurements verified that each

control item functioned properly. Each pressure switch and associated

measurements were evaluated and a description of their performance is

presented in the following paragraphs.

KOI02 LOX Prepress Flight Switch - Energized

D0179, DOI80 Oxid Tank Ullage EDS i and 2 Pressure
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p

The measurements verified the satisfactory operation of the pressure

switch. Th_ pressure limits of the switch are 37-40.8 psia.

*(K0611) Fuel Tank Flight Control Switch - Energized

(K0524) Fuel Tank Control Valve Solenoid - Energized

D0177, D0178 Fuel Tank Ullage EDS 1 and 2 Pressure

The measurements verified that the pressure switch functioned properly.

The pressure limits of the switch are 26.5 - 29.5 psia. The solenoid

valve operated properly during the period the first burn relay was

activated.

K0105 Engine Pump Purge Control Regulated Back-up Switch De-energized.

(K0566) Engine Pump Purge Control Module Solenoid Valve Energized.

DO050 Engine Pump Purge Regulator Pressure

The measurements verified that the pressure switch was de-energized

throughout the firing and the pressure did not attain the actuation

pressure of 130 psia.

KOI31LOX Chilldown Purge Switch De-energized

(K0565) LOX Pump Purge Control Motor Valve - Energized

DOI03 He to LOX Motor Control Pressure

The measurements verified the proper operation of the pressure switch.

The pressure limits of the switch are 49-54 psia.

K0156 LOX Tank Regulator Back-up Pressure Switch - Energized

D0225 Pressure - Cold Helium Control Valve Inlet

The measurements verified that the switch was de-energized during the

firing and the pressure did not attain the actuation pressure of

of 465 psia.

12.1.4 Vent Valves

The LOX and LH2 vent valves are commanded open and close by GSE, bypassing

the switch selector. The vent valves responded to these commands.

Measurements analyzed and a description of their performance is presented

in the following paragraphs.

K0001 (K0532) Fuel Tank Vent Valve Closed

K0017 (K0542) Fuel Tank Vent Valve Open

* Hardwire measurement are in parentheses
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The Fuel Tank Vent Valve Closed indication chattered 44 times beginning

approximately 407.916 sec after engine start. The chatter was on the

digital events recorder data via hardwire measurement. The corresponding

flight measurement did not verify this chatter due to a slower sample

rate. The chatter occurred because the tank pressure was at the relief

actuation pressure of the pressure switch, (39 psia). The valve finally

remained in the open position indicating relief venting.

K0002 *(K0533) LOX Tank Vent Valve Closed

K0016 (K0543) LOX Tank Vent Valve Open

The LOX vent valve performed satisfactorily.

(K0562) LH2 Tank Directional Vent Valve for In-Flight Position

KOII3 LH2 Tank Directional Vent Valve C - Closed

K0114 LH2 Tank Directional Vent Valve D - Closed

(K0561) LH2 Tank Directional Vent Valve - Ground Position

The measurements verified that the ground position indication chattered

300 times over a period of 74.386 sec just after loading of the LH2 tank.

There was no indication of chatter during the remainder of the firing.

12.1.5 Chilldown Shutoff Valves

(K0551) LH2 Chilldown Shutoff Valve Closed

(K0552) LOX Chilldown Shutoff Valve Closed

(K0544) LH2 Chilldown Shutoff Valve Open

(K0545) LOX Chilldown Shutoff Valve Open

(K0577) LH2 + LOX Chilldown Shutoff Valve Closed - Energized

During critical components cycling, chilldown shutoff valve talkback signals

were erratic. Initially, the LH2 chilldown shutoff valve closed talkback

(K0551) failed. Manual control was activated and the chilldown shutoff

valves were cycled several times. This action corrected the LH2

chilldown shutoff valve closed talkback (K0551) problem but resulted in

failure of the LOX chilldown shutoff valve open talkback (K0545); however,

the test was continued into terminal count and at eight seconds after

initiation of LOX tank prepressurization the LOX chilldown shutoff valve

open talkback (K0545) picked up.

* Hardwire measurement are in parentheses
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MeasurementK0544 failed to indicate that the valve was fully open
following the initiation of the open command. The valve indication did
not pickup until just prior to the issuance of tMe close command. The
closed indication was received as expected. The LOXchilldown shutoff
valve performed satisfactorily after simulated liftoff.

12.1.6 Fill and Drain Valves

Prior to simulated liftoff the fill and drain valves were commanded

closed through the umbilical. These valves remained closed throughout

the acceptance firing. After firing, the valves were opened to drain

the remaining propellants. The data review of the following measurements

verified that the valves performed satisfactorily.

KO003 *(K0554) Fuel Fill and Drain Valve Closed

K0019 (K0546) Fuel Fill and Drain Valve Open

K0004 (K0553) LOX Fill and Drain Valve Closed

K0018 (K0547) LOX Fill and Drain Valve Open

12.1.7 Depletion Sensors

(K0597) LH2 Depletion Sensor No. i Wet

(K0598) LH2 Depletion Sensor No. 2 Wet

(K0599) LH2 Depletion Sensor No. 3 Wet

(K0676) LH2 Depletion Sensor No. 4 Wet

The measurement data indicated the following: sensor No. 3 first showed

a wet indication 63._f7 sec after the start of loading; sensor No. 2

first showed a wet indication 106.574 sec later; sensor No. i showed a

wet indication 6.767 sec after No. 2 did; sensor No. I cycled abnormally

from wet to dry from submergence to 92'percent of LH2 loading; in the

terminal countdown, there was no indication of cycling; sensors No. 2, 3

and 4 after being submerged, performed as expected.

(K0601) LOX Depletion Sensor No. i Wet

(K0602) LOX Depletion Sensor No. 2 Wet

(K0603) LOX Depletion Sensor No. 3 Wet

(K0675) LOX Depletion Sensor No. 4 Wet

The measurements verified that the LOX depletion sensors performed as

expected.

*Hardwire measurements are in parenthesis.
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1212 APS Electrical Control System

The APS simulator No. 188B was activated for verification of the APS

No. I and No. 2 engines control function.

Exhibits of the engine feed valves verify that the electrical control

system performed within prescribed limitations.

The monitored results are shown in the following _able:

Measurement Function Specified Actual
No. Minimum Value Value

K0132 APS Engine 1-1/1-3 Feed 3.2 vdc 4.02

Valves Open

K0133 APS Engine 1-2 Feed 3.2 vdc 4.09

Valves Open

K0134 APS Engine 2-1/2-3 Feed 3.2 vdc 3.98

Valves Open

KO135 APS Engine 2-2 Feed 3.2 vdc 4.01

Valves Open

The specified minimum value of 3.2 vdc indicates that all of the feed

valves were open.

12.3 Electrical Power System

The electrical power system performed satisfactorily throughout the

acceptance firing. The voltage, current, and simulator temperature

profiles are shown in figures 12-1 through 12-3.

12.3.1 Static Inverter-Converter

The static inverter-converter operated within its required limits during

the firing. Its actual values are shown in the following table:

Characteristics Maximum Minimum Acceptable
Limits

Voltage (vrms) 114.1 114.1 115.0 +3.45

Voltage (vdc) 5.1 5.1 5.0 +0.5

Voltage (vdc) 21.81 21.79 21.0 +1.5
• --I.0

Frequency (cps) 401.3 401.1 400.0 +6.0
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12.3.2 5-Vblt Excitation Modules

The performance of the forward No. I and No. 2, and aft 5-volt

excitation modules was satisfactory during the acceptance firing.

actual values are shown in the following table:

The

Characteristics Maximum Minimum Acceptance
Limits

Aft voltage (vdc) 5.02

Forward I voltage (vdc) 4.98

Forward 2 voltage (vdc) 4.98

5.01

4.98

4.97

5.0 +0.05

5.0 +o.o5

5.0 +0.05

12.3.3 Chilldown Inverters

The chilldown inverters performed satisfactorily during the acceptance
firing.

During the operation of the chilldown inverters, somedata exhibited

approximately 2 percent noise; since this occurred prior to engine

start, it did not degrade any of the engine performance data.
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Figure 12-2. Aft Battery Voltage and Current Profiles
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13. HYDRAULIC SYSTEM

13.1 Hydraulic System Operation

The hydraulic System test program was completed during countdown 614074.

System running time for this test, from auxiliary pump ON prior to

simulated liftoff to auxiliary pump OFF following cutoff, was

1,709.7 sec. The gimbal program was initiated after the engine

start sideloads subsided and the support links dropped. The auxiliary

pump was turned off for a period during the firing to verify engine-

driven pump operation. These plan objectives were satisfied.

Significant event times are presented in the following table:

Event

Auxiliary Pump ON

Simulated Liftoff

Engine-driven Pump START

Support Links DROPPED

Gimbal Program START

Gimbal Program STOP

Auxiliary Pump OFF

Auxiliary Pump ON

Engine Cutoff Engine-driven

Pump STOP

Auxiliary Pump OFF

Time (sec)

To -609.2

To+0

To + 151.6

To + 190.0 (pitch)

To + 190.6 (yaw)

To + 196.7

To + 252.5

To + 336

To + 452

To + 599.3

To + II00.5

13.2 System Pressure at Salient Times

The GN2 precharge, averaged from stabilized readings prior to and

following the acceptance firing, was 2,330 psia at 68 deg F, which is

within the 2,350 +__50psig allowable and corresponds closely to the

observed value of 2,340 psia during the prefire checkout.
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Auxiliary pumpoutput pressure was 3,535 psia when first energized at
To -609.2 sec. This value is less than the 3,550 minimumallowable,

and is substantiated by GN2pressure, but is acceptable because the

small (15 psi) value in question is well within the instrumentation

error band, and more significantly, the auxiliary pumpoutput was

reading a minimumof 3,550 psia no later than To -170 sec. Simulated

launch requirements were met.

The engine-driven pumpoutput was 3,580 psia; it carried the system

leakage flow requirement throughout the firing. The auxiliary pump

shared someof the gimbal flow requirement as seen in the auxiliary

pumpmotor amperagedemand,but the compensator settings were sufficient-

ly spread to preclude the auxiliary pumpfrom assuming system leakage
flow at any time the engine-driven pump was running.

GN2 pressure data duplicated system pressure data. Significant pres-

sures are presented in the following table:

Time (sec) System Pressure (psia) Reservoir Pressure (psia)

To -609.2 3,535 162

To + 0 3,550 172

To + 151.6 3,580 (3,645 overshoot 175

at start)

To + 196.7 to 252.5 3,630 max. 3,480 min. 177 max. 167 min.

To + 336 to 452 3,580 174

13.3 Reservoir Level at Salient Times

Reservoir level prior to system operation was 88.2 percent at an approxi-

mate average system temperature of 40 deg F, equivalent to 92.6 percent

at 70 deg F. Minimum level during operation was 31.3 percent. A mal-

function in the recording machinery at To +225 sec prevented further

observation of level, but it may be said to its credit that the level

was behaving quite well until that time. Fluid thermal expansion was

not great enough to cause overboard venting; this was established because

return pressure did not increase during or after system bleed-down

following auxiliary pump OFF at To +1,100.5 sec.
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13.4 Hydraulic Fluid Temperature History

Time (sec)
Engine-driven Pump

Inlet (°F)
Reservoir (°F) Accumulator GN2 (°F)

To -609.2 40 40 52/64

To + 151.6 91 73 64

To + 196.7 98 73 64

To + 252.5 102 75 64

To + 336 Ii0 78 64

To + 452 ii0 82 64

To + 599.3 129 86 64

To + 1,100.5 125 109 64

13.5 Engine Side Loads

Peak loads in the support links and actuators during engine start

transients are presented in the following tables:

Item

Pitch Link

Yaw Link

Pitch Actuator

Yaw Actuator

Load (ibf)

+ 9,500 -16,500

+24,500 -13,500

+14,160 -1,770

+ 1,180 -16,500

13.6 Hydraulic Fluid Flowrates

Approximations from reservoir fill and emptying rates are presented in

the following table:

Item Flow (gpm)

System internal leakage 0.71

Allowable (gpm)

0.4 to 0.8

Auxiliary pump maximum
flowrate

1.80 1.50 min
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13.7 Miscellaneous

Approximation from actuator differential pressures immediately prior

to and following cutoff, using 164K net thrust; thrust offset was

0.044 in. from the stage longitudinal axis, 9-1/2 deg from fin plane III

toward fin plane II.

A thermal cycle was initiated by the thermal switch at To -9,212 sec;

the auxiliar# pump ran for 12 min, 20 sec; the thermal cycle was then

terminated by the thermal switch. Initial and final values of reservoir

oll temperature were 23 deg F and 51 deg F; engine-driven pump inlet

temperatures were 32 deg F and 69 deg F.
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14.
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FLIGHT CONTROL SYSTEM

The dynamic response of the hydraulic-servo thrust vector control system

was measured while the J-2 engine was gimbaled during the acceptance

firing of the S-IVB-207 stage. The performance of the pitch and yaw

hydrauiic servo control systems was found to be acceptable.

14.1 Actuator Dynamics

The actuator frequency response of the pitch and yaw hydraulic servo

system for a !I/2 deg sinusoidal signal between 0.6 and 9 cps, and for

a +--i/4 deg sinusoidal signal between 0.6 and 2 cps are plotted in

figures 14-1 and 14-2. The acceptable limits are also presented and

as noted, the phase and gain plot within these limits.

14.2 Engine Slew Rates

A nominal two deg step command was applied to the pitch and yaw

actuators from which the engine slew rates were determined. The

minimum acceptable engine slew rate is 8 deg per sec, which corresponds

to an actuator piston travel rate of 1.66 ips. A nominal slew rate

for a two deg step without the effects of gimbal friction is 13.6 deg

per sec. The measured values were found to be acceptable and are

presented in the following table:

Actuator Condition Engine Travel Actuator Rate
(deg) (deg/sec)

Pitch

Yaw

Retract 0.0 to +2.0 ii.0

Extend +2.0 to 0.0 11.9

Extend 0.0 to -2.0 11.6

Retract -2.0 to 0.0 10.6

Extend 0.0 to +2.0 9.9

Retract +2.0 to 0.0 9.7

Retract 0.0 to -2.0 10.4

Extend -2.0 to 0.0 i0.0

The minimum engine slew rate is 9.7 deg per sec which corresponds to an

actuator piston rate of 2.01"ips when using a conversion of 4.83 deg of
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engine travel per in. of actuator movement; thus, in all cases, the

actuator exceeded the minimumacceptable rate of 1.66 ips, or 8 deg

per sec of engine travel.

14.3 Differential Pressure Feedback Network

The differential pressure feedback network in the pitch and yaw hydraulic

servo valves was operating properly since adequate system damping was

demonstrated by observing the actuator differential pressure measurements

during the two deg step response tests. The differential pressures

decreased in amplitude as a function of time without sustained ringing

(figure 14-3).

14.4 Cross-Axis Coupling

Cross-axis coupling is obtained from actuator piston differential pres-

sure data. The cross-axis coupling from the yaw to the pitch plane and

from the pitch to the yaw plane did not exceed 12 percent.
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Figure 14-2. Actuator Response (Phase Lag)
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15. STRUCTURAL SYSTEMS

Structural integrity of the S-IVB-207 stage was maintained for the

vibration, temperature, and thrust load conditions of the acceptance

firing. No structural irregularities were detected during the post

firing inspection. There was no apparent debonding of the standoff

supports or the aft skirt purge manifold fabric seal, as occurred

during previous acceptance firings.

15.1 Common Bulkhead

Visual, growler, and dye check inspections of the common bulkhead, after

acceptance firings, have been discontinued in view of the experience and

confidence gained from previous acceptance firings; however, common

bulkhead pressure decay checks and gas sample surveys are being con-

tinued as a means of verifying bulkhead leak-tight integrity. These

checks and surveys indicated the bulkhead is sound and leak tight. The

bulkhead internal pressure during the firing was less than I psia. The

results of the pressure checks and gas surveys are presented in Douglas

Report No. S_37543, S-IVB-207 Stage Acceptance Firing (15 Day) Report,

dated November 1966.

15.2 LH2 Tank Interior

A postfire visual inspection of the LH2 tank interior was made from the

manhole. The inspection revealed no discrepancies.

15.3 Exterior Structure

A visual exterior inspection of the stage thrust structure, LOX tank aft

dome, aft skirt, LH2 tank cylindrical section, LH2 tank forward dome,

and forward skirt revealed no structural damage after the full duration

firing. The inspection revealed no debonding of standoff supports,

whereas in previous acceptance firings partial debonding has been a

recurring problem. This completely successful bonding appears to be the

result of improved skills and inspections combined with the use of

Silane primer to prepare the metal surfaces.
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15.4 Aft Skirt Purge Manifold

After the acceptance firing, a visual inspection of the fabric seal of

the redesigned aft skirt purge manifold revealed no debonding of the

seal. A postfiring pressure leak test of the manifold indicated the

fabric seal and bonding were sound. This was a completely satisfactory

checkout of the redesigned purge manifold which supersedes and replaces

the original purge manifold configuration.
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Thermoconditioning and Purge Systems

16.1 Aft Skirt Thermoconditioning and Purge System

The aft skirt GN2 purge was initiated prior to LOX loading and maintained

throughout the acceptance firing until completion of final tank purges.

The system performed satisfactorily throughout the firing.

16.1.1 Aft Skirt GN2 Flowrate

The GN2 flowrate was maintained between 3,400 and 3,500 scfm throughout

the acceptance firing.

16.1.2 Aft Skirt GN2 Temperature

The aft skirt umbilical inlet temperature was approximately I07 deg F

throughout the firing. GN2 temperature at the APS module thermo-

conditioning system outlet sensors (C0663) was constant at 91 deg F.

16.1.3 Aft Skirt Umbilical Inlet Pressure

The umbilical inlet pressure (D0767) was constant at approximately

14.0 in. H20 throughout the firing.

16.1.4 Non-Flight Hardware

a. APS Modules:

The flight modules were replaced with two Model DSV-4B-188B APS

simulators at APS positions i and 2. These replacements

functionally represent the flight module thermoconditioning

system.

b. Aft Interstage:

The Model DSV-4B-540 Dummy Interstage was used to support the

stage on the test stand. Use of the dummy interstage lowers

the aft skirtpurge system internal pressures very slightly,

but does not materially affect the overall system purge

capabilities.
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16.2 Forward Skirt Environmental Control and Thermoconditioning System

The forward skirt GN2 purge was initiated prior to LOX loading and

maintained throughout the acceptance firing until completion of final

tank purges. The Model DSV-4B-359 thermoconditioning system servicer

temperature controller malfunctioned which caused the thermoconditioning

fluid temperature to rise. The resultant cold plate fluid temperature

was acceptable for the test although not to design requirements.

16.2.1 Forward Skirt GN2 Flowrate

The GN2 flowrate was maintained at design conditions of 500-600 scfm

throughout the firing.

16.2.2 Forward Skirt GN2 Temperature

The forward skirt GN2 internal temperature (C0768) remained between

40 and 46 deg F throughout the firing.

16.2.3 Forward Skirt Internal Pressure

The forward skirt internal pressure remained well below the relief

valve setting of 2.0 in. H20.

16.2.4 Forward Skirt Thermoconditioning System Temperature

Due to the DSV-4B-359 servicer temperature controller malfunction, the

thermoconditioning system fluid inlet temperature (C0753) ranged from

70 deg F at initiation of the test to a minimum of 62 deg F when

cryogenics were on board.

The design temperature range for the system inlet is 57 _7 deg F.

16.2.5 Non-Flight Hardware

Model DSV-4B-359 Thermoconditioning System Servicer: The servicer

supplies thermally conditioned fluid to the forward skirt cold plates

during all field station operations requiring power to the forward

skirt electronic equipment. When staged, the cold plates will receive

fluid from the NASA I.U. thermoconditioning system.
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17. RELIABILITY AND HUMAN ENGINEERING

17.1 Reliability Engineering

All functional failures of Flight Critical Items (FCI) and Ground

Support Equipment/Special Attention Items (GSE/SAI) were investigated

by Reliability Engineering. Significant malfunctions of Flight Critical

Items documented are noted in table 17-1.

17.2 Human Engineering

A Human Engineering evaluation of the S-IVB-207 stage acceptance firing

was performed. No significant man-machine problems were identified.
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ENGINE PERFORMANCE PROGRAM (PA49)

This appendix contains the digital printout of computer program PA49.

which is a compilation of computer programs AA89, GI05, and F823.

These computer programs are the methods employed in the propulsion

system performance reconstruction of the S-IVB-207 stage acceptance

firing. The performance analysis and associated plots are presented in

section 6.

Printout symbols are presented in table AP I-i and the digital printout

is contained in table AP 1-2.
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_FSUBI

WDOTTI

WDOTOI

WDOTFI

EMRi

ISP i

MSUBOI

MSUBFI

FSUB2

WDOTT2

_-- WDOT02

WDOTF2

EMR2

ISP 2

MSUB02

MSUBF2

FSUB3

WDOTT3

WDOTO3

WDOTF3
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TABLEAP I-i
PROGRAMPA49PRINTOUTSYMBOLS

Stage thrust from
AA89 (ibf)
Total flowrate from
AA89 (ibm/sec)
LOXflowrate from
AA89 (ibm/sec)
LH2 flowrate from
AA89 (ibm/sec)

Engine mixture ratio
from AA89

Specific impulse from
AA89 (sec)

LOXmassonboard from
AA89 (ibm)
LH2mass onboard from
AA89 (ibm)

Stage thrust from GI05
(ibf)
Total flowrate from
GI05 (ibm/sec)
LOXflowrate from
GI05 (ibm/sec)

LH2 flowrate from GI05
(ibm/sec)

Engine mixture ratio
from GI05

Specific impulse from
GI05 (sec)

LOXmass onboard from
GI05

LH2 mass onboard from
GI05 (ibm)

Stage thrust from
F823 (ibf)
Total flowrate from
F823 (ibm/sec)
LOXflowrate from
F823 (ibm/sec)
LH2 flowrate from F823
(ibm/sec)

EMR3

ISP 3

MSUBO3

MSUBF3

FSUB4

WDOTT4

WDOT04

WDOTF4

EMR4

ISP 4

MSUBO4

MSUBF4

THRUST

T FLOW

0 FLOW

F FLOW

*EMR*

*ISP*

0 MASS

F MASS

Engine mixture from F823

Specific impulse from

F823 (sec)

LOX mass onboard from

F823 (ibm)

LH2 mass onboard from

F823 (ibm)

Predicted stage thrust

(ibf)

Predicted total flowrate

(ibm/sec)
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Predicted engine mixture
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Composite LH2 flowrate
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Composite engine mixture
ratio

Composite specific

impulse (sec)

Composite LOX mass onboard

(ibm)

Composite LH2 mass

onboard (ibm)
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ABBREVIATIONS

ITEM TERM ITEM TERM

ac

Act

APS

At tch

Btu

Cfm

Alternating current

Actuator

Auxiliary Propulsion System

Attach

British thermal unit

Cubic feet per minute

Contr Control

cps

DAC

db

dc

DDAS

Disch

DPF

EBW

ECC

E/I

EMI

EMR

ESC

FLT

ft

FM

FTC

Fwd

GG

GH2

GN2

gpm

GSE

Cycles per second

Douglas Aircraft Company, Inc.

Decibel

Direct current

Digital Data Acquisition System

Discharge

Differential Pressure Feedback

Exploding Bridgewire

Engine Cutoff Command

External/Internal

Electromagnetic Interference

Engine mixture ratio

Engine Start Command

Flight

Feet

Frequency modulation

Florida Test Center

Forward

Gas generator

Gaseous hydrogen

Gaseous nitrogen

Gallons per minute

Ground support equipment

He

hr

Hyd

in.

IP&CL

IU

K

kc

KSC

ibf

ibm

LH2

Loc

LOX

mq

MSFC

NASA

NPSH

PAM

PCM

Helium

Hour

Hydraulic

Inch

Instrumentation Program and

Component List

Instrumentation unit

Kilo = 1,000 or 103

Kilocycle

Kennedy Space Center

Pounds force

Pounds mass

Liquid hydrogen

Location

Liquid oxygen

Millisecond

Marshall Space Flight Center

National Aeronautics and Space

Administration

Net positive suction head

Pulse amplitude modulation

Pulse code modulation

pf Picofarad

Posit Position

pps

Press

psia

psid

psig

Pt

Pulses per second

Pressure

Pounds per square inch, absolute

Pounds per square inch,

differential

Pounds per square inch, gauge

Point

2C3



ITEM

PU

Pwr

R

RAD

Refl

Reg
RF

RMR

RSS

SCI

scim
scfm

sec

.. _- STC

204
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ABBREVIAT IONS

TERM

Propellant utilization

Power

Rankine

Radial

Reflected

Regulator

Radio frequency

Reference mixture ratio

Root sum square

Standard cubic inch

Standard cubic inch per minute

Standard cubic foot per minute

Second

Sacramento Test Center

ITEM

SW

Syst

TAN

Temp

T/M

TP&E

TRW

Vac

V

Vib

vdc

W

TERM

Switch

System

Tangential

Temperature

Telemetry

Test planning and Evaluation

Thompson-Ramo-Wooldridge

Volts alternating current

(i00 vac)

Volts

Vibration

volts direct current

Watts
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